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From the Author to the Reader. 


Wns who so plod amid serious things that you fecltt shame to give 
a yourself up even for a few short moments to mirth and zoyous- 

ness in the land of Fancy; you who think that life hath nought 
to do with innocent laughter that can harin wo one ; these pages are not 
for you. Clap to the leaves and go no farther than thts, for £ tell you 
plainly that of you go farther you will be scandatized. 


From 'The Merry Adventures of Robin Hood’, 
by 
Howard Pyle. 
London Press. 
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ABSTRACT 


An area of scme 300 sq.miles, in the SE corner of Great Bear Lake, 
has been mapped and sampled. Tne predominant lithologies are Aphebian 
(2200-1700 m.y.) volcanic and plutonic rocks, and the area is 
interpreted as a roof-pendant of volcanic rocks lying in a keel 
between plutonic highs. The volcanic rocks are interpreted as 
comagmatic with, and derivative from the polyphase plutenic rocks, 
and all are interpreted as the product of late-stage oroaenic 
magmatism. 

Chemical analyses of the igneous rocks show them to be typical 
of the calcalkaline association. These data, together with recently- 
-published data covering other parts of the Great Bear Lake area, lead 
to the postulate that a typical continent-margin orogen was active on 
the western edge of the Canadian Shield in Aphebian time. 

Tne complex relationships of post~-Apnebian diabase dykes are 
described. It is shown that these dykes are quartz tholeiites, and 
that they are the product of one extended phase of intrusion that is 
not obviously related to any of the Mackenzie swarms to which they 
have previously been ascribed, 

Mineral deposits in the area, including those at the Terra, Norex 
and Silver Bay Mines, were examined, and three distinct types of 
mineralisation were recognised. The first, metasomatic sulphide 
deposits, is common around the margins of early-intermediate stocks. 


A study of the metamorphism and metasomatism around these stocks shows 
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the sulphides to have been derived from the intrusions. This 
conclusion is substantiated by sulphur isotope data. 

Secondly, magnetite-apatite-actinolite intrusiens, veins and 
diffusions are also common around the early plutons. Optical and 
analytical data are reported, and it is concluded that these bodies 
represent immiscible fractions from the silicate magma that was parent 
to the early intrusions. 

Thirdly, polymetallic hydrothermal veins of the Ni,Co arsenide- 
-~Silver ore-type are described. Detailed optical and mineralogical 
Studies show these to be similar in most respects to other deposits of 
this type throughout the world. A long and complex paracenesis is 
proposed for the veins ~ a paragenesis dependent upon both the time of 
deposition and the distance travelled by the ore-fluid. 

Analyses of the stable isotopes of oxygen and carbon from vein- 
carbonates provide little conclusive evidence concerning the source or 
evolution of the mineralising fluids. Analyses of sulphur isotopes 
are used to propose a ‘magmatic nydrotnermal' origin for the sulphur. 
It is proposed that the hydrothermal veins are the product of the 
younger intrusions, and that the complex, polymetallic assemblages are 
the product of 'telescoping' of the hydrothermal sequence. 

Analyses of sulphosalts from the mines located no new minerals, 
but do provide new compositional data. Various nypatheses of metal 
derivation were tested by analyses of trace elements in both the 
country rocks and in pre-existing sulphides. 


The veins are interpreted as having been deposited over a period 
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of some 200 NPS. and at temperatures ranging between 100° and 250°C, 
Other products of the hydrothermal activity include mineralised and 
barren Giant Quartz Veins and quartz-carbonate veins. 

Finally, a. model is proposed wherein the netasomatic and 
hydrothermal mineralisation are the inevitable products of the 
polyphase intrusive activity, which, in turn, is the inevitable 
product of the geotectonic evolution of the area. It is shown that, 
with one notable exception, the Ni-~, Co arsenide-silver deposits of 
the world were formed as a consequence of similar geotectonic 


processes in similar geotectonic environments. 
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VOLCANOGENESIS AND OROGENESIS 


1. INTRODUCTION 


Great Bear Lake is the northernmost of the great Jakes that 
straddle the presently exposed margins of the Canadian craton. 
Most of the lake is underlain by Palaeozoic strata, but Aphebian 
(2100-1700 m.y.) and younger Precambrian rocks outcrop on the 
eastern shores and it is with some of these tnat this thesis is 
concerned. 

Although the lake was well known to the white man from 
trappers’ reports, from Petitot's cursory mapping and from the 
journals of Richardson, Rae, Dease and Simpson during their mid 
19th Century search for Sir John Franklin, it was not until 1900 
that the first scientific expedition was sent to the lake. 

J. MacIntosh Beli, accompanied by Charles Camsel? and others, made 
topographic and geologic investigations of much of the jake and of 
the Camsell River. On 24th August, 1900, the party reached 
Klarondesh Bay (now Conjuror Bay) which is protected from the main 
lake by Ndutcho (now Richardson) Island, and entered tne Camsell 
River system. Although he noted the 'granites and greenstones' of 
the lake's eastern shores, and intimated their Precambrian age, it 
was Bell's (1900) description of the mineral erythrite in carbonate 
veins that proved to be most significant. 

In 1929 Labine and St. Pauli followed up Bell's report and 
Staked the property that was later to become the Port Radium Mine 


at Echo Bay. They also staked in the Camsel] River area, where a 
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Showing is still known as ‘St. Paul's Showing’. Reports of the 
mineralisation filtered across to the Klondike and in the early 
thirties prospectors began to conaregate at Great Bear Lake. 

Every mineral showing but one known to the autnor was investigated 
at this time, but silver was not an attractive proposition and many 
of the prospectors were looking only for gold. Some small mines 
were opened and silver ore was high-graded, but by the mid-thirties 
many of the prospectors had moved south to Great Slave Lake where 
rumours of a gold strike were rife. 

In the thirties the Echo Bay region was irivestigated in some 
detail by the Geological Survey, but only Kidd (1936) extended these 
studies to map - on tne broadest of scales - the other Aphebian 
areas at Great Bear Lake. 

By 1939 interest in the area was dead. A revival of the Port 
Radium Mine jin 1942 to supply the Manhattan Project sparked renewed 
and detailed geological work in the Echo Bay area, but again the 
Camsell River area was virtually ignored. It was not until the 
mid-sixties that an interest in silver caused some of the old mines 
to be reactivated, and some new mines - including the Terra Mine - 
to be opened. This revival sparked new research, notably by 
Robinson (1971) on the by then relatively well-known Echo Bay 
deposits, and this research project was extended to the Camsel] 
River area by the present study. 

In 1970 the author was employed by Terra Mining and Exploration 


Limited to investigate their Cu-Ag property on the Camsell River. 
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It was quickly realised that the mineral controls were structural 
and lithological and it became imperative to map the whole area. The 
funds and interest for this were not available from Terra, so tn 
1971 the author was employed by Vestor Explorations Limited to do 
tnis. The work was continued for a short time in 1972, under the 
aegis of Saco Mines Limited, and Federated Mining Limited, but 
unfortunately not as much time has been spent on the area as the 
author would have liked. The remoteness and the expenses involved 
make purely academic research somewhat impractical in this area. 
However, in 1972 the Department of Indian Affairs and Northern 
Development at Yellowknife decided to continue and elaborate this 
author's work in the area, and Mr. Jim Murphy has produced a map 
which will soon be available. Continuing collaboraticn between the 
author and the D.I.A.N.D. has been most beneficial. 

Although the original object of this thesis was to study the 
geology and genesis of the Terra Mine, the scope has widened because 
of the nature of the geology. Consequently, details of the geolocy 
and a scheme for the geotectonic evolution of the area are presented 
in Part I. Details of the mineral deposits are reported in Part II. 
A unified concept for the geologic and metallogenic evolution of 
the area is proposed finally. 

Parts of this work have already been presented as Badham, 
Robinson and Morton (1972), Badham (1972) and Badham (1973). These 


works are included as Appendix 5 at the end of the thesis. 
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2. PHYSIOGRAPHY 


The location of the area is shown in Figure 1. Most of the area 
consists of rolling hills, with up to 130 m of relief in those areas 
underlain by the volcanic complexes. Areas underlain by granitic 
rocks are generally high, but with low relief. The shores of Great 
Bear Lake (170 m above sea level) are considerably uplifted, with 
heights over 270 m recorded on Richardson Island - and the country 
is higner and more rugged to the north. 

Rainfall is low and the area is classified as a sub-arctic 
sub-desert. Snowfall rarely exceeds 1m. Drainage is by large 
rivers that flow over short and narrow falls connecting sizeable 
lakes. Ice persists from October to June ad during break-up the 
rivers may rise by about 1m. The optimum field season is from June 
to August, when the weather is usually hot and sunny, and water 
travel is unhindered by ice. The season is marred by an alarmingly 
dense and varied population of various biting insects. 

The area is well-wooded with black spruce, and occasional 
stands of excellent timber can be found along tne Camsell River; many 
have now been removed to supply the mines with timber. 

Large game is rare and the population is declining rapidly. 
Wolves are perhaps the most common, although they were, until very 
recently shot on sight. Black bear are rare and are usually killed 
when seen. Moose are rare and caribou, common throughout the area 


fifty years ago, are now reduced to a handful of winter migrants. 
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Smal] game and waterfowl are abundant and appear to be increasing in 
number, largely due to the decimation of the larger predators. 

Fish are plentiful and include northern pike, lake trout, 
grayling and whitefish. The trout, however, are suffering from 
overfisning and will soon need stringent protection if the famed 
trophy stock is to survive the century. 

Outcrop is commonly better than 70% of the land areas. The 
best exposures occur along shorelines, and rocks on the hilis, | 
altnougn scraped clean by ice, are usually altered py the chemical 
activity of lichens. The main Pleistocene ice transport direction 
was from the east, although apparently older striae trending north- 
-south are occasionally found. Eskers of unsorted sand and gravel, 
often over 30 m high, are common and often cf considerable length. 
Their courses reflect far more the trends of the underlying bedrock 
than the ice path. The boulders are usually locally derived. 
Erratics are scattered throughout the area and although most are of 
local provenance, many are derived from the high-grade metamorphic 
rocks of the Hepburn metamorpnic-plutonic belt and some were obviously 
eroded from greenstones, granites and gneisses of the Slave craton. 

Raised beaches of well~sorted pebble conglomerate are common, 
even on the highest nills. Although many of these are isolated and 
poorly preserved, one beach that appears to be continuous from lake 
level to 100 m above the lake up a gentle slope has been found. This 
beach presumably documents the gradual isostatic response of the area 


Since the departure of the main ice sheets some 10,000 years ago. 


ie bie wit es 3 


5 lp 


142 : ; . : ~ 
gaan 4agire at Mae se bint oa ‘hb Ha 
ia snes’ aiiel 2 ie await ron ssuksat bar Tin inet in aa 


port sabotida ote cveweafatl Suet wr (aaa hv bs iult ire FE 


bwiet add Vt dofdoeiory Trey boon note FE hy vin eintaeen “6 
: . ~ " = : 
AQnitnaa st ey Tvide oy 2f yoote Yaqere 


edt pots bred er) Ye 20% Abt voddad yinemmns FF qe 


.2fltn off ao 2¥oet D6 , ean tavgie omole 1990 seen peer 


fexbwerts oft vd Den art pare. 
i 
6 


ndiyoewib 3 ensgos2tals Abem oat .2weiotl ta ail 


vid eeraie hla Wit a6 GE AT wits 44 7ehO oni amet 
~ 7 
+) ssatet .tnvot vi fororasnom oe fs uor- 


~fion etn 


_ favern brs Deer ep Toe 


: “ si £ j rf 4 me it} 4 
ionel al Gerrao Feiiti> , ootvo. 46. fhiveao Sth wit’ ie ave 
i) 
& a 4 
dganbad pal yi vibe Afi tn sires? 7 i ys? 12a eS kee “yeen 
+ - 


aobTucd att - bad ooh om nat 


‘bavivat elf eaot 4% béueyv ab 2 


a Pe - 
bo evi Toon aoupodd ta Linn pe Ss id: SOOM et he1525 Gai2 1 208 -_ 3 
- = : 
stdiiemeton abn ic-fbir 900 mov? bovivet ‘o's yer eag6r ovong fi 30) 
. = 
ylavolvi aioe: gate san: Ped Sinoty lq atiqetos aM nial ate: — 
; a ‘bab 


i A 1d wort? 
oe 
rie Gidea! pido afads y badive- Tew 70 2giacon heetel 


fodeve avete-ais Fo eet iano; Db en (HME -. 


ORI? © 


bm Dintehost sv6 Seems 16 yrs fount TA, -elbta dase ae edt “1 
_ aaint “ in 48 Q5 2 WwSheS en fogod at ‘2 doves nig hae 
i. aT te nee: eat waite Ped au eins saghoale 
La sn eer a rdetee T) pine at mirsob: IX >a 


a p 
- ae - _ a 7 7 as’ oe art *, ff aus 4480 


7 oF q ta. “| |e | eee! : 
yh ay fai 
| 
7 -@ 


The figures are but qualitative and the beach warrants more careful 
examination, but if the interpretation is correct, this apparent 
rate of uplift is similar to those indicated around the margins of 


Hudson's Bay (J. Westgate, Pers. Comm., 1973). 
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3. REGIONAL GEOLOGY 


The Bear Province was defined by Joliffe (1948) and is 
characterised by K-Ar ages around 1700 m.y. It has since been 
shown to be both a discrete structural province (e.g. Hoffman et al., 
197C; Fraser et al., 1972) and a discrete metallogenic (U-Ag-Ni, 
CoAs-Bi~Cu) province (Joliffe, 1948; Badham et al., 1972). It is 
considered that the original definition of the province has outlived 
its usefulness. The radical change in the undarstancing of the Bear 
Province, engendered principally by Hoffman, has delimited various 
tectonic units and has demonstrated their interdependence. It is 
considered more appropriate now to use the tectonic subdivisions 
recently proposed by Fraser et al. (1972) - i.e. that the Aphebian 
of the Bear Province be ascribed to the Wopmay Orogen and that the 
younger Precambrian racks be ascribed to the Amundsen Basin. This 
chapter outlines the regional geology of the Great Bear Batholith, 
one of three belts that constitute the Wopmay Orogen (Fig. 2). The 
relationships of these three beits are considered later. 

A map showirig the principle features of the Great Bear Batholith 
(Fig. 3) demonstrates the NE-trending, linear nature of the volcanic 
complexes within the epizonal granitic rocks. Where these complexes 
outcrop on the shores of Great Bear Lake they are roof-pendants 
composed of andesite-dacite-rhyolite sequences and associated 
volcanoclastic sediments. A more detailed map of two of these 


pendants is shown in Figure 4. The two pendants have been studied 
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Figure 2. Tectonic subdivisions of the NW Canadian Shield- after 


fraser et al (1972). 
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Figure 3. The Geology of the Great Bear Batholith. 
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Figure 4. The Geology of the Camsell River and Echo Bay Areas. 
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and described as the Echo Bay Block and the Camsell River Block 
(Badham et al., 1972). 

The Echo Bay area was first studied by Kidd (1931, 1932, 1936) 
who divided the compiex into an older and dominantly volcanic group 
(the Echo Bay Group) and a younger, dominantly sedimentary group 
(the Cameron Bay Group). Kidd intimated that there was unconformity 
between the two groups, represented by a period of granitic intrusion, 
but showed clearly that both groups were intruded by granite 
batholiths. 

Feniak (1947) detailed the stratigraphy of the Echo Bay Group, 
dividing it into a lower sedimentary and pyroclastic unit (1433 m) 
and an upper volcanic unit (1667 m). Neither top nor bottom of this 
Sequence are exposed. Campbel? (1955) further subdivided these 
units and Robinson (1971) obtained an Rb-Sr age of 1770430 m.y. for 
the Upper Echo Bay Group. Although Mursky (1963) described 
Yellowknife (Archaean) sediments occurring to the northeast of the 
Echo Bay area, the report has not been substantiated and the Echo 
Bay Group are the oldest rocks exposed in the area. 


All the above authors intimated profound unconformity between 


the Echo Bay and Cameron Bay Groups. The evidence for this conclusion 


at Echo Bay is the presence of boulders of Echo Bay Group and granite 
within Cameron Bay conglomerates. However, the contact is not 
exposed and there is no bedding discordance; indeed in many parts of 
the complexes rocks typical of both groups are interbedded. The 


problem of the subdivision will be discussed later, after some 
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critical exposures have been described. Suffice it to say that the 
type stratigraphy can only be applied to the Echo Bay area, and that 
lithological correlations with other areas cannot be made. Attempts 
to apply the Echo Bay stratigraphy elsewhere nave resulted in 
confusion. Some suggestions for dispelling this confusion are made 
below, 

In general, however, the western volcanic compiexes are typified 
by sequences of andesites-dacites-rhyolites overlain by their 
derivative sediments. These complexes were intruded at various times 
by intermediate stocks and hypabyssal porphyries, many of which are 
texturally indistinguishable from their volcanic equivalents. The 
whole area was finally intruded by coarse-grained granite (sensu 
stricto) batholiths. 


Ali these Aphebian rocks are unconformably overlain by the 


Helikian Hornby Bay Group, which thickens and dips to the north. This, 


and the decreasing size of tne volcanic complexes to the south, 
indicates that the present erosion surface cuts progressively deeper 
levels of the batholith to the south. 

In the eastern parts of the Great Bear Batholith the volcanic 
complexes differ somewhat. Here vast thicknesses of silicic welded 
tuffs, with rare intercalations of trachybasalt and volcanoclastic 
sediment, are intruded by hypabyssal porphyries and by aranitic rocks; 
there being a textural continuum between these three which are thus 
interpreted as being comagmatic (Hoffman, 1973 and Pers. Comm., 1973). 


These volcanic sequences are apparently contemporaneous with those in 
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the west and the differences may reflect a fundamental polarity of 
the batholith belt. However, Smith (1953) describes similar silicic 
tuff sequences which overlie granites containing remnants of rocks 
similar to the Echo Bay sequences at Hottah Lake. This evidence may 
reflect a difference in age of the ‘'eastern' and 'western' type 
sequences. Again, this point will be discussed more fully later. 

In all the complexes, the volcanic rocks are broadly folded and 
generaliy dip away from tne surrounding intrusions. folding increases 
in intensity, but decreases in amplitude towards the contacts. 
Metamorphism to the hornblende-hornfels facies (Turner, 1968) has 
been recognised, but rarely extends more tnan a few hundred metres 
perpendicularly from intrusive contacts. In many of the aureoles 
various types of magnetite-apatite-actinolite bodies are deveioped 
(Kidd, 1936; Furnival, 1939a; Feniak, 1947; Robinson, 1971; Badham, 
1972)" The’nature of these’ is’discussed in’Part IT. 

In the Echo Bay area the deposition of the Cameron Bay Group is 
fault-controlled (McGlynn, Pers. Conmm., 1972). In the Camsell River 
area the margins of the larger batholiths appear also to be fault- 
controlled. Aplite and quartz-feldspar porphyry dykes, both 
related to the granites, also commonly intrude along faults. In al] 
these cases the faults strike northeast and have been active since 
the Aphebian. The Bear Province is in fact typified by right-lateral 
NE-trending faults that splay and coalesce frequently, and which were 
most active between 1700 m.y. and 1400 m.y. ago. There are 


indications of N- to NW-trending faults that were active after the 
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final period of plutonism but before the main activity on the 
NE-trending faults (Feniak, 1949; Badham, 1972); these are not well 
documented as yet. Drag-folding adjacent to the primary faults is 
common, These faults have acted as the loci for a variety of minor 
intrusions. 

"Giant Quartz Veins' (Furnival, 1935) are one such intrusive 
type. Frequently over 150 m wide, these massive quartz veins, 
containing scattered patches with nematite and uranium and copper 
minerals, filled dilatant zones in the faults during at least three 
distinct periods. Each period of intrusion corresponded to a period 
of movement that brecciated pre-existing material. The two earliest 
pnases of intrusion preceded the deposition of the Hornby Bay Group, 
but a younger phase has been observed to cut this group (Kidd, 1936). 

Diabase dykes occupy many of the primary faults and their 
secondary splays. Thick diabase sheets also intrude the Aphebian 
rocks and can be seen to swing into the faults in places. Most of 
these diabases appear to be older than 1300 m.y. (e.g. Fahrig and 
Wanless, 1963), but different periods of intrusion seem to be present 
and the complexity of the dyke swarms in this area will be discussed 
later. 

Quartz-carbonate veins occupy many of the secondary splay-faults 
and associated tension fractures. These are mineralised in certain 
lithological and structural facies with the U-Ag-Ni,CoAs-Bi 
association, and it is these veins which form the basis of the mining 


industry in the area. Most of the metalliferous mineralisation 
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appears to have occurred between 1625 m.y. and 1400 m.y. These ages 
will be discussed later. 

Hydrothermal alteration is widespread in the volcanic complexes 
and can be related mainly to the epizonal plutons. Alteration is 
common, but more limited, around all the Giant Quartz Veins, the 
mineralised veins, and the diabase dykes. 

Aitnough the area must have been covered by Phanerozoic 
sediments, there is no evidence of any geological process which might 
have affected the area between the intrusion of the youngest diabase 
and tne Pleistocene glaciation. 

The age relations of the various lithological units and events 


tnat affected them are shown in Figure 5. 
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4, DETAILED GEOLOGY OF THE CAMSELL RIVER-CONJUROR BAY AREA 


a) General 

The author's detailed map of the area is shown both in Figure 
6 and in a large foldout in the back pocket. This map was compiled 
essentially from a four-week mapping season in 1971, but the Terra 
peninsula had been mapped in detail in 1970 while the author was 
employed as mine geologist at the Terra Mine. Details of the 
splaying and movements on the Beach-Bull-Alter Fault System were 
mapped in 1972. Kidd (1932) mapped the contacts of the volcanic 
complex with the surrounding granites, and Furnivai (1934) mapped 
parts of the Gunbarrel Gabbro. Parsons and Lord (1947) covered the 
extreme eastern edges of the area, but no maps of the area were 
published until Figure 6 was presented in Badham (1972). The mapping 
is continuing under the auspices of the Department of Indian Affairs 
and Northern Development, Yellowknife. The only major revision that 
should be noted (Murphy, Pers. Comm., 1973) is that the 'esker' 
running east from the Gunbarrel Gabbro is underlain by the continuation 
of this gabbro. Areas not mapped in detail by the author (i.e. as 
undifferentiated Echo Bay Group on Fig. 6) have been found to be 
essentially similar to mapped areas (Murphy, Pers. Conm., 1973). 

The volcanic complex is roughly circular, but is partly split 
by two NW-trending lobes of plutonic rocks and is transected by 
Ne-trending faults, across which correlations are often hard to 


make. All the rocks are correlated with the Echo Bay Group (Badham, 
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1972). Essentially four main sequences are recognised. The first, 
between Terra and Alter Arm, consists of about 500 m of andesite 
flows and tuffs, agglomerates and breccias (the 'Terra Sequence’) 
overlain by 3300 m of volcanoclastic sediment. The Terra 

Sequence can be traced along strike to the east, where the thickness 
of the andesite flows increases, around the nose of a large open 
syncline, where a few hundred metres of basalt appear, and on up 

the side of Jascn Bay and to the north. There metamorphism is 
fairly intense and exposures are limited, and the sequence was not 
followed further. Detailed sections of this lower sequence at Terra 


+ 


are shown in Figure 7 and a map of the peninsula in Figure 8. 

The second sequence outcrops to the west of the Bull Fault 
System. It is truncated by granites at the base and by Conjuror Bay 
TH the moran.) Ic consists offat wdeast 5700°m of silacterpyroclastic 
rocks, with rare volcanoclastic intercaiations: lateral facies 
variations are rapid. This sequence underlies the first, whose 
basal members appear on the southern shores of Conjuror Bay (Fig. 9). 

The third sequence is not known in detail but outcrops on the 
islands in Conjuror Bay. It consists dominantly of thick welded 
rhyolite tuffs with thin intercalations of dolomite, quartz pebble 
conglomerate, quartzite and argillite, but some islands consist 
entirely of metamorphosed andesite flows and tuffs. Correlations 
between these rocks are at best difficult. 

The fourth sequence outcrops from Balachey Lake to Pole Bay and 


consists of at least 100 m (at Balachey Lake) of well-bedded 
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Figure 9. Sections East and West of the Bull Fault. 
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sediments unconformably overlying a highly altered diorite. Tne 
basal 5 m consists of a breccia of diorite blocks which grades up 
into a conglomerate containing diorite and typical Echo Bay Group 
boulders (Fig. 10). These are overlain by fine-bedded argillites and 
greywackes and, in the upper parts, silicic tuffs and flows and rare 
intercalations of dolomite are present. At Balachey Lake typical 
Echo Bay Group volcanic rocks are intruded by the diorite, but at 
Pole Bay the Balachey Sequence, though much thinner , is interbedded 
with typical Echo Bay Group rocks. This apparent dilemma has been 
explained (Badham, 1972) as the result of penecontemporaneous 
volcanism in the one area and local unroofing of an early diorite 
stock in the other (Fig. 11). All the rocks are intruded by a 
younger granodiorite at Balachey Lake. 

The sequence described above was also described by Kidd (1936) 
and Parsons (1948), both of whom correlated it with the aeger Bay 
Group. Both authors also noted that the sequence was intruded by 
granitic dykes. The correlation is not valid in the light of the 
evidence presented above and until its relations to other groups are 
more clearly defined, this sequence is assigned to the Balachey Unit 
(Badham, 1972). 

All volcanic and sedimentary rocks in the Great Bear Batholith 
Should be assigned to a single 'supergroup' with various local 
sequences being given local names as 'units'. It is suggested that 


the 'Echo Bay Group' has priority and should be so redefined. 
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Figure 10. Sketch Map of the Balachey Lake Area. 
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Figure II. Sketch sections showing the Evolution of the Balachey 
Lake Area. 
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b) Aphebian Lithologies 
In this section field and petrographic descriptions of the rocks 
are presented. A general summary of the lithcalogies has been given 


in Badham (1972). 


Basalts 

Approximately 100 m of basalt outcrop in the core of a large open 
syncline on both banks of the river at Silver Bay. The unit extends 
to the north parallel to Jason Bay, becoming thinner and containing 
intercalated intermediate tuff horizons. Within the Terra Sequence 
near Terra and in a few other horizons, thin trachybasalts have been 
observed (Plate 2.1). The contact relations of the latter are 
obscured and they may in fact be syn-volcanic basic dykes (see Part 1:5). 

The Silver Bay basalts occur within the Ab-Ep facies aureole of 
the granites to the east and are altered by the local mineralised 
veins (Plate 4.7). Nevertheless, the original mineralogy can be 
deduced. In hand specimen the rocks are fine-grained and dark green 
with very dark green chlorite patches and small feldspar phenocrysts. 
Locally they are highly vesicular and contain thin lenses of 
agglomerate. In thin section most of the chlorite patches are 
clearly pseudomorphous after amphibole, but some are of dubious origin. 
Kidd (1936) noted relics of olivine, but none were seen by the author. 
The feldspar phenocrysts are mostly andesine and are altered to 
sericite, epidote and carbonate. They are weakly aligned. The 


phenocrysts are set in a finely crystalline mesh of feldspar laths, 
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chlorite, carbonate and magnetite. The vesicles are irregularly 
shaped and rimmed with chlorite and are filled with two generations 
of quartz and less commonly with carbonate. The agglomeratic 
horizons consist of angular blocks of the above basalt contained in 
a yellow-weathering matrix that is made up of trachytic andesine 
phenocrysts and chlorite, streaked quartz-filled vesicles and 
devitrified shards (Plate 2.3). These horizons are interpreted to 
be of flow-top devesiculation origin ('froth-lavas' - Tazieff, 1970) 
and attest to the highly volatile nature of these basaitic magmas. 
Generally flow tops are hard to recognise because of the alteration, 


but three slightly different flows have been identified. 


Andesites 

Nearly all the andesite flows in the area are felaspar, 
hornblende porphyritic andesites. They ar@mineralogically and 
texturally indistinguisnable from many of the hypabyssal porphyries 
and can only be distinguished from the latter by their field 
relationships. Important criteria for this are: 

1. Conformity of bedding. 

2. The lack of chilled tops. 

3. The lack of contact metamorphism. 

4, The presence of rolled bases, aa blocks and trachytic 

flow textures. 
5. The presence of amygdules ana scoriaceous tops. 


6. The presence of eroded tops. 
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7. The presence of tuffaceous and agglomeratic horizons. 
These flows are commonly over 30 m thick, but often change thickness 
considerably laterally. Flows on the Terra peninsula were investigated 
in detail since they had all been previously described as intrusions. 
Plate 1.1 shows large blocks of porphyritic andesite cracked and 
surrounded by smaller blocks in a matrix of dark lava that consists 
of microcrystalline trachytic feldspars in a devitrified matrix. 
This horizon occurs near the base of a thick flow and is interpreted 
as a ‘rolled base', where earlier partly-crystailised lava was 
autoclastically fractured by continual flow and the blocks roiled in 
still-liquid material. Plate 1.4 shows the base of a flow that was 
extruded onto partially consolidated mudcracked silts. The flow base 
was chilled and then broken and blocks of silt were incorporated. 
still-molten lava was injected into the cracks and mixed with wet 
silt to form an ‘emulsion' that was squeezed between the cracks. 
shadutirls of liquid lava into crystallised and cracked aa flcw toes 
has been described by MacDonald (1953); the mixture of wet sediment 
and lava to form an emulsion has been proposed by many authors (see 
Snyder and Fraser, 1963). This same flow must have been thicker than 
the depth of the water into which it flowed, for the top was weathered 
Sub-aerially before later deepening of the water allowed its own 
derivative arkose and conglomerate to be deposited upon it. 

In thin ata the porphyritic andesites consist up to 40% of 
Oligoclase phenocrysts, often cored by chlorite blebs, which replaced 


glass inclusions (Plate 2.5), 10% of hornblende phenocrysts and rare 
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corroded quartz crystals, in a fine-grained groundmass of plagioclase 
chlorite and opaque oxides. The opaque oxides are sometimes 

replaced by pyrite in the metamorphosed examples. The vesicles are 
circular and were filled in two stages - firstly by carbonate and 
chlorite, and secondly by opaline silica, now recrystallised to quartz 
(Plate 2.4). Variations in the relative proportions of hornblende 
and plagioclase phenocrysts can be used to distinguish between flows. 
The andesite tuffs are more variable. Most commonly they consist of 
well-banded fine crystal tuffs, often partly resedimented, sometimes 
with intercalated argillaceous bands (Plate 1.2). Coarser lithic 
crystal tuffs form thick sequences locally, especially in the Terra 
Sequence, and on the shores of Conjuror Bay. The lithic fragments 
are always andesite tuff or lava and the crystals are usually cracked 
and abraded oligoclases or, less commoniy, hornblende and quartz. 
Some finebash-fall and some vitrisc-crysta! andesite tuffs have been 
observed. 

Breccias consisting of fragments of local lithologies ina 
porpnyritic andesite or tuffaceous matrix are common. These are 
poorly sorted, chaotic and unstratified (Plate 1.3), but often 
contain lenses of bedded tuffaceous material. Included are pbhreato- 
magmatic breccias, pyroclastic flow breccias and reworked pyroclastic 


breccias (Fisher, 1961; Parsons, 1968). 


Felsic Volcanic Rocks 


Thick sequences of felsic tuffs are common throughout the area, 
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but flows are less so. “In the section to the west of the Bull Fault 
there are a number of devitrified rhyolite flows, some of which may 
have been obsidian. They are interbedded with felsic tuffs and 
fragmental lavas. Distinctions between welded tuffs and devitrified 
flows are hard to make in the field. The flows contain sparse 
biotite flecks and rare vuas filled with quartz, possibly 
pseudomorphous after tridymite. In thin section those samples 
containing cracked and abraded phenocrysts and lithic fragments were 
considered to be tuffs. 

The tuffs inciude welded and unwelded varieties and many should 
be classified as sillars. All combinations of vitric-, crystal- and 
lithic- varieties have been observed. Crystal fragments include 
plagioclase, embayed quartz, cristobalite (Plate 2.7), hernblende, 
K-feldspar (after sanidine?): lithic fragments include andesite and 
felsic tuff and lava (Plate 2.6). 

A crystal-rich welded tuff (ignimbrite) is exposed on the islands 
east of Bloom Island. It contains shards, collapsed pummice fragments 
(fiamme), lithic fragments and fractured crystals in a devitrified 
matrix of hematite-stained microcrystalline material (Plate 2.7). 
Perlitic devitrification textures (Plate 2.8) are conmon. Although 
different parts of the tuff are welded to different degrees (Ross and 
Smith, 1961), the exposure is not continuous enough, nor the mapping 
detailed enough to identify individual flows or cooling units. All 
of these felsic flows and tuffs are sub-aerial. 


In the Terra Sequence there are 1-6 m thick beds of what was 
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mapped as ‘chert! (these are also common near Echo Bay, where many 
authors refer to the 'cherts'). They are well-banded and fairly 
persistent laterally. They consist of a microcrystalline mesh of 
sodic plagioclase and quartz with scattered flecks of chlorite and 
biotite, and are often ‘dusted’ with haematite. These are ash-fall 
rhyolite tuffs. They were probably at least partially welded and 

may be the distal equivalents of the ignimbrites. Some of them show 
Signs of partial reworking, but there is no incontravertible evidence 


of sub-aqueous deposition. 


Volcanociastic Sedimentary Rocks 

Conglomerates and arkoses are commonly interbedded with the 
lavas and tuffs, and a sequence of 3300 m of these rocks is exposed 
from tne Camseli River northwards to Alter Arm. The conglomerates 
contain well-rounded boulders (3 cm to 1 m), over 90% of which are 
porphyritic andesite, in an arkosic matrix. Other boulder materials 
include rhyolite flows and tuffs, andesite tuffs, jasper and vein 
quartz. Boulders of tuff are rare, presumably because the tuffs were 
not consolidated at the time of erosion. No granitic boulders were 
found in these rocks. The conglomerates commonty overlie flows and 
grade upwards into arkoses. I[n this main sequence many of the flows 
also grade laterally into conglomerates. The conglomerates are 
internally structureless, but usually rest on scoured and channelied 
bases, 


The arkoses are often cross-bedded and graded (Plates 1.5 and 
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1.6) and contain numerous channels and scours, and lag concentrates 
of iron oxides. They consist of slightly abraded feldspar crystals 
in a matrix of finer volcanic debris. Lithic clasts are uncommon. 
These feldspars are identical to those in the porphyritic andesites 
but often appear to be slightly fresher. It may be that many lavas 
were partially eroded so rapidly after extrusion that the feldspars 
were ‘quenched', whereas those remaining in the still-warm lava 
underwent some autometasomatic alteration. | 

Siltstones are less common in the sequence. Where seen, they 
are well-bedded purple rocks, often interstratified with fine-crained 
arkoses (Plates 1.6 and 1.8). They are compositionally indistinguish- 
able from the other volcanoclastic sediments and are their more-mature 
equivalents. The matrices are often very rich in haematite. The 
siltstones are poorly-sorted and exhibit scours, ripple-marks, 
grading, mudcracks, mud-chip conglomerates, loading and water escape 
structures (Plates 1.8, 3.5 and 1.6). In general there is a bimodal 
distribution of particles in both arkoses and silts. Quartz grains 
dominate the smaller size fraction and lithic fragments the larger. 
Feldspar grains are present throughout in all sizes. 

These volcanoclastic sediments are predominantly fluviatile and 
the rapid vertical and lateral facies changes suggest they are 
immature, braided river deposits. Similar deposits are common in 
mountainous volcanic areas (e.g. Cascades, High Andes) and a similar 
palaeoenvironment is proposed. 


Some of the breccias in the Terra volcanic sequence have a 
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matrix very similar to the arkoses, although the breccia fragments 
inciude all types of volcanic rock in the area. These horizons may 


be the deposits of volcanic mudflows or lahars (Parsons, 1968). 


Other Sedimentary Rocks 

A banded meta-caicargillite outcrops on the Terra peninsula; 
it originally consisted of interbedded limestone and andesite ash-fall 
tuff. The unit is found across the Bull Fault, where it is offset 
right-laterally over 2000m and is less metamorphosed. In both areas 
the bed is extensively brecciated and varies in thickness from 6-30 m. 
The breccia blocks themselves vary from a few centimetres to 15 m and 
more across. Where smaller, the blocks are rotated and abraded and 
have a matrix of granulated calcargillite. The larger blocks are 
often contiguous and only slightly rotated. Bands can be traced 
between blocks and incipient breaks can be found. The beds below 
are andesite tuffs and those above are pyroclastic breccias overlain 
by tuffs and sediments. None of these beds is secondarily brecciated. 
Lenses of tuff are sometimes found in the calcargillite horizon and 
blocks of calcargillite are found in the overlying breccias. This 
horizon is interpreted as having been deposited in calm water 
(marine or lacustrine?) and brecciated soon after deposition, possibly 
during quake activity accompanying the volcanic event that produced 
the overlying breccias and tuffs. 

In other parts of the Terra Sequence a number of calcargillite 


units have been found. These are 1-5 m thick and consist of more or 
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less brecciated banded dolomite and felsic tuff between unbroken 
conformable well-banded felsic ash-fall tuffs. All these horizons 
appear to have been brecciated soon after deposition. They were not 
deposited as breccias. Each is considered to be the result of a 
separate volcanic-quake. 

Extreme lateral facies variations and the varying degrees of 
brecciation make these calcareous horizons difficult to interpret. 
The frequency with which the calcareous horizons are mineralised 
makes their understanding critical. On Bloom Island there are up to 


300 m of banded dolomites with thin siliceous partings, but this 


sequence thins to some 10 m on the islands to the south (Murphy, Pers. 


Comm., 1973). These are not brecciated. Some of the siliceous 
parctings may have been aigal, but since most of the rock is in the 
hornblende-hornfels facies, such interpretations are uncertain. No 
distinctive algal structures were seen. 

Thin sequences of white quartzite and quartz pebble conglomerate 
with a dolomite matrix are found on the southwestern corner of Bloom 
Island and in the islands to the southwest of Nic Island. Murphy 


(Pers. Comm., 1973) reports white quartzites near Slapdaw and Black 


Bear Lakes. These rocks are interpreted as littoral, possibly marine: 


in all cases they are closely associated and conformable in thick 


sequences of sub~-aerial felsic tuffs. 


Correlations 


Although many workers have equated the volcanic sequences at 
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Echo Bay with those in this area (Kidd, 1933; Badham et al., 1972), 
direct lithological correlations have not been made. 
Briefly, the lower Echo Bay Group at Echo Bay consists of 500 m 


of bedded felsic tuffs and flows with intercalations of quartzite and 


3/ 


dolomite, overlain by 430 m of intermediate pyroclastic rocks, overlain 


in turn by 530 m of porphyritic andesite and well-bedded andesite 
tuffs (see Robinson, 1971). These rocks are very similar to the 
felsic and lower Terra sequences in the Camsell River Block. 
However, the great disparities in thickness and the lack of detailed 
Similarities of succession suggest that the rocks were not once part 
of the same sequence, but are the products of very similar processes 
in neighbouring areas. 

This conclusion is strengthened by the fact that the upper Echo 
Bay Group consists of at least 1700 m of porphyritic andesite flows, 
whereas the youngest sequences in the Camsel] River area consist of 
at least 3300 m of volcanoclastic sediment. The fact that most of 
this sediment was derived from porphyritic flows again demonstrates 
the correlations of process but not of lithology. Indeed, in an 


attempt to correlate lithologies, Kidd (1936) ascribed this volcano- 


clastic sedimentary sequence to his Cameron Bay Group, along with the 


previous ly-described Balachey Unit. 

Consequently, it is proposed that any attempt to make more than 
very general chronological correlations in this sequence is useless, 
realising the extreme facies variations characterising this volcano- 


-sedimentary environment. 
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Hypabyssal Porphyries 

These constitute a group which includes some of the oldest 
intrusive rocks recognised in the area and which continued to be 
emplaced throughout the sequence - indeed, the Balachey Unit and 
Cameron Bay Group are intruded by quartz porphyries. A belt of 
porphyries outcrops in the southeastern part of the area and small 
stocks outcrop in the islands and on the north shore of Conjuror Bay. 
The rocks vary from having dominantly plagioclase and hornblende 
phenocrysts to having dominantly quartz phenocrysts, but in all 
cases the feldspathic groundmass is red-pink and very fine-grained. 
All are clearly intrusive, but no metamorphism has been recognised 
at their contacts. In many places they have been intruded by 
younyer granites and, because of the recrystallisation, appear to 
grade into the granites without a break. Elsewnere, where granites 
have intruded crystal tuffs and porphyritic andesites, recrystallisation 
has caused these rocks to appear very similar to the porphyry intrusions. 
Only the presence of palimpsest bedding prevents misinterpretations. 
The frequency with which these porphyries occur near the edges of 
the complex suggests that they are supraplutonic, and their similarity, 
both compositionally and texturally, to the volcanic rocks suggests 
that they are sub-volcanic. A continuity of process from hypabyssal 
to plutonic is suggested. An inevitable result of this is that the 
complexes represent original individual basins while the granites 
represent the sites of volcanism and erosion to provide the basinal 


infillings. 
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Plutons 

The emplacement of the plutons took place over a considerable 
period of time and in general a sequence from intermediate rocks to 
true granite can be recognised. The two NW-trending lobes cutting 
the complex are mostly adamellite, with local gradations into diorite, 
syenite and even granodiorite. The older intrusion beneath the 
Balachey Unit is an altered fine-grained hornblende diorite. It is 
intruded by a hornblende granodiorite. The intrusion to the south of 
Terra is hornblende monzonite (Plate 3.2) with syenitic and grano- 
dioritic patches - these are not separate stocks or composite 
intrusions. A kilometre to the east of Terra a small stock of 
diorite cuts tne contact of the adamellite and the volcanics. Contact 
metamorphism is limited in extent and the effects of metamorphism in 
the hornblende-hornfels facies extend only a hundred metres or so 
from the contact. The margins of these intrusions are strongly 
altered and often contain highly porphyritic phases, together with 
epidote, carbonate and apatite. These margins were the site of shearing 
and intense hydrothermal activity. Pyrite and pyrrhotite, with lesser 
amounts of chalcopyrite, are often developed in these zones and skarns 
of sulphides and magnetite are common in the higher parts of the 
aureoles (Kidd, 1936; Furnival, 1939a; Badham, 1972). 

The large intrusions ringing the complex are all ccarse-grained 
biotite-hornblende granites or granodiorites. These often have 
aplitic border phases and aplite and quartz porphyritic dykes often 


extend a short distance from these margins. Some quartz-porphyry 
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plugs and dykes intrude the edges of the granites, but the contacts 
are often poorly defined and it is suggested that the various phases 
are penecontemporaneous. 

Contacts with country rock are sharp and again metamorphism is 
restricted. Some of the contacts are fault-controlled, although later 
movement on some of these faults (e.g. Bloom Fault) often obscures 
the contact relations. Near contacts tne granites are often strained 
and sheared (Plate 3.1) and hydrothermal alteration and sulphides are 
common. Xenoliths of country rock are often seen near the contacts 
and are scarcely resorbed. 

That the intrusions were emplaced at relatively shallow depths 
(~ 3 km) is indicated by much of the aforementioned data. The 
frequency of faulted margins suggests that intrusion took piace by 
the upward displacement of country rock, causing rapid erosion above 
and fast clastic deposition in intervening topographic lows. 

Similar features in the Peruvian Coastal Batholith have been 


explained in a similar way (Pitcher, 1972). 


Porphyry Dykes 


Porphyritic dykes, generally of granodioritic composition, cut 
all the volcanic rocks in the area, as well as the Balachey Unit. 
They are concentrated near the margins of the plutons, but often 
strike northeastward. They predate the major transcurrent 
movements on the NE-trending faults, but were intruded along pre- 


existing lineaments that were active again later. It is these same 
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lineaments that often control the margins of the larger plutons. 
The dykes have not been seen to cut more than the outer fringes of 
the plutons. 

The dykes are variable in colour from dark brown through pink 
to white, and this change is possibly indicative of progressively 
more differentiated rocks. They are strongly porphyritic with 
phenocrysts of quartz, plagioclase, K-feldspar, hornblende and 
biotite contained in a very fine-grained matrix (Plate 3.3). The 
dykes are rarely more than 6 m wide and are usually vertical. The 
margins are chilled and the phenocrysts are often aligned in flow 
bands parallel to the margins. 

These dykes are considered to be supraplutonic and to represent 
jate injections of magma into the fractured roof rocks above the 
cooling plutons. Detailed studies should reveal separate suites of 


such dykes associated with each pluton. 


c) Aphebian Events 


Folding 

The broad structural details of the complex are shown in Figure 
12. Essentially the volcanic rocks dip homoclinally away from the 
intrusive contacts and a broad open syncline has developed between 
the NW-trending intrusive lobes. The dips of the intrusive contacts 
often appear to be similar to those of the intruded rocks. The 
contact dips can be interpolated from the extent of metamorphism away 


from the contacts. At Terra drill and outcrop control are good and 
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the contact dips at 70-80° and is nearly conformable to the strike 
of the volcanic rocks. 

Microfolding is common in the Terra Sequence and is clearly 
drag folding related to the main syncline. A few mesofolds of 
similar type have also been noted (Plate 1.7). Fold axes in Conjuror 
Bay parallel the Richardson Island granite contact. In general 
folding is quite intense but of low amplitude close to the intrusive 
contacts, and dies out rapidly into the complex. The structure of 
the eastern half of the area is interpreted on two sketch sections 
(iiii-G.ceigl:3))-9 

The question that needs answering is the usual one when 
considering folding and high-level intrusion: which came first? 

Were the intrusions permitted access by anticlinal cores, or did the 
intrusions generate the folding? The evidence of decreasing degree 
of folding away from the contacts suggests the latter. The presence 
of granites where the anticlines might exist suggests the former. 

In the light of the model to be presented for the structural 
evolution, the causative agent was clearly the process which 
generated the granitic magmas. Since, in the Echo Bay area, the 
Cameron Bay Group is folded to the same degree as the Echo Bay 
Group, the folding must have occurred after Cameron Bay times. 
Similarly, the volcanoclastic debris in the Camsell River area is 
folded, and this must have been eroded from 'nhighs' over rising 
granites. The first transcurrent movements on the NE-trending faults 


offset the fold axes. Consequently, it is proposed that the early 
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intrusions initiated the folding which terminated with the final 


emplacement of the granites. 


Metamorphism 

All the metamorphism recognised from petrographic studies can 
be ascribed to contact effects around the intrusions, or to hydro- 
thermal alteration induced by the intrusions, the faults and their 
associated veins, or the diabases. Robinson (1971) recognised 
zeolites in the volcanic pile at Echo Bay, but these have not been 
observed in the Camseil River area. 

Metamorphism up to the hornblende-hornfels facies (Turner, 1968) 
has been recognised around al] the plutons, but rarely extends more 
tnan 100 m from intrusive contacts, except in calcareous rocks. 
Recognition of the facies in volcanic and volcanoclastic rocks is not 
Simple. Essentially, at the higher grades the feldspars become more 
sodic and overgrowths develop, and matrices get coarser grained. In 
the field a totally subjective judgement of grade nas to be made from 
the 'hardness' and 'greenness' of the volcanic rocks. In the 
calcareous horizons albite, quartz, garnet, calcite, diopside and a 
bluish amphibole are common in this facies (Plate 4.4). Very good 
sections are exposed on Bloom I[sland. 

Identification of the albite-epidote facies (Turner, 1968) is 
even more subjective. In the andesites the plagioclases become more 
sodic and are corroded to epidote and carbonate, while micas can be 


seen to have grown in the matrices of the clastic sediments. Calcite, 
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tremolite, epidote, quartz, dolomite and chlorite, and rarely green 
biotite, have been observed in the calcareous rocks (Plate 4.3), and 
the first appearance of diopside marks the upper limit of the 
albite-epidote facies. The lower end cannot be defined in the field. 
Epidote itself has not been recognised more than 1 km from the 
intrusive margins, but chlorite is common throughout the area. 
However, it is impossible at present to separate chlorite produced 
by later hydrothermal events from that produced by the piutons. 

In general the outer margin of the albite-epidote hornfels facies 
is defined by the first appearance of metacrysts of these minerals, 
even though much of the rock may be totally unaffected. Plate 4.5 
shows chlorite metacrysts which nave grown in an andesite tuff and 
Plate 4.6 shows an epidote-chlorite veinlet preferentially replacing 
coarser bands in volcanoclastic sediments. Both samples are taken 
about 700 m from the contact on the Terra peninsula, near the outer 
limits of the albite-epidote facies. 

The estimated limits of albite-epidote facies metamorphism are 
shown in Figure 12. The excessive width of this aureole around the 
northernmost of the plutonic lobes is used to infer a shallow dip of 
the plutons (Fig. 13). 

Temperatures near the intrusive margins must have been about 
600°C with pressures of between 1 and 3 kb (Turner, 1968). Cordierite 
and andalusite, which might be expected in the metasediments under 
these conditions, have not been observed. It is concluded that the 


sediments contain too much calcium (in carbonate and feldspar) for 


“1% Spntontg 7% 


bn. fee 2uy. avogy -epateal met 

aio: 3 tg T. bhi ve ; sie 
“wrot seid, wih ines tS off sla nile Nene’ « : 
aie. aot ne f art si96 Datonsoan aed 900 8 

7% aes, ol duodduowts iin a rf — - Bs) 
hin Biv: seas hadiita agin tiie oe Walon Fe, ardiagat tat ¢ aw 
suit oor, eaiiovs 4. ‘oranttortbet ; 
wild 10 “again ede, alt sin 


eats re gait” icine St 3 145 
Ce io 
% hg Sergi ot aansrnedts. an “ae a | 


al git Va ‘pba 


vie VOTE ngs} 


Hy ately “ls " oni ui Lagns Bde ish, $50? il Ae Aion sat . 
o aig bain ag iy teainggs! ova hid osdunta spon abot i‘ 
Ste ise art “an falaior ‘aftasine etait am r 

‘yay. gine ERG mae rsivantans Sitael oneal, A sn 02869 
7 neaue ar pte agi, sake an SS: 183 adi ah Sneek avy Ht sey i OOK, swode 
4 . eae AT Srbtfqa-thdts an} 30: eat : 


_ 


& ge 


- 


“ oe | 


sail as hits to ed hmel hoteuttes sit a 


of sumo aloes 2hhp 19 aiitw oyfegane ont * $i onugt¥-as 1. 
op. aunt at baat eodeT ottauig sit to 2 zomnrranvont 


to Gib woTTate 
x y- - 2» so -_-+ * s{sS, pean 


srk neeinienedon 20kgn? 


- * oe | fe 


jane: agen aver Teun re avkowate? att ten 2 
od rain? — AG@bf ye maint) ‘dh Bre, F nosy Yo asinzaang. sit 3! 
vatina zinomtieezndem-erd nF ‘betoagna ad ‘Silgtin-istw | 
aid 25d Wabieltiai’ 2P7), paired peste satan. neorlt 
w) iad mere a nn. 800 
; ’ 


. 


45 


= Limit of Ab-Ep facies 


Figure 12. Structural and Metamorphic map of the Camsell River Area. 
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the development of these minerals. 
Detailed studies of the metamorphism of the calcargillite at 


Terra are reported in Part [:8. 
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PLATE 1 


Rolled boulders of chilled porphyritic andesite with interstices 
filled with glassy and fragniental andesite. Base of flow, 

north side of Terra Peninsula. 

Sequence of banded waterlain andesite tuffs, with thin caicareous 
horizons, overlain by 'cherty' rhyolite, on the right. Terra 
Peninsula. 

Volcanic breccia of angular, unsorted clasts, including andesite, 
rhyolite, tuffs and calcargillite. Terra Peninsula. 

Base of a porphyritic andesite flow on top of volcanoclastic 
silt, with some silt:lava ‘emulsion’. Terra Peninsula. 
Cross-bedded, weakly calcareous volcanoclastic sediment. 

Terra Peninsula. 

Wetl-graded, bedded volcanoclastic arkose and silt. Terra 
Peninsula. 

Part of a small fold in waterlain andesite tuffs. Terra 
Peninsula, looking east. 

Water escape structures, breaking up volcanoclastic silts between 
graded arkose. Note also shale chips in the coarse beds. Terra 


Peninsula. 


PLATE I! 


PLATE 2 
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Andesine porphyritic trachybasalt, with later metacrysts of 
haematite. Terra Peninsula. P.P.L. 

Vesicular basalt. Carbonate- and quartz-filled, chlorite-rimmed 
vesicles. Strongly chloritised ‘hornblende' phenocryst on left. 
Highly altered matrix. Balachey Lake. P.P.L. 

Vesicular 'froth-flow' top of trachybasalt. Plagioclase is 
andesine. Quartz- and carbonate-filled vesicles. Silver Bay. 
Reale. 

Quartz- and carbonate-filled vugs in porphyritic andesite. 

Note feldspar needles in groundmass. Terra Peninsula. P.P.L. 
Oligoclase porphyritic trachyandesite. Phenocrysts contain 
blebs of chlorite after glass. Terra Peninsula. P.P.L. 
Rhyolite tuff. Fragments of quartz, feldspar and altered tuff 
contained in a devitrified, flow-banded matrix. North of Black 
Bear Lake.) PPL. 

Ignimbrite. Embayed quartz (note cubic habit of one - possibly 
after cristobalite), altered feldspar, hornblende and tuff 
fragments and pummice fiamme in streaked, devitrified matrix. 
Bloons handsaer e0..Le 

Perlitic devitrification texture in ignimbrite. Bloom Island. 
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PLATE 3 
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PO 


Slightly cataclastic and altered hornblende biotite granite. 
Richardson Island granite, near Bloom Fault. Crossed nicols. 
Pseudomorph of chlorite and haematite after ‘amphibole’, in 
altered plagioclase. Terra monzonite. P.P.L. 

Central phase of quartz-feldspar porphyritic dyke. Terra 
Peninsula. Crossed polarisers. 

Contact of diabase (dark, with andesine phenocrysts) with 
andesite tuff. Cross-cut by quartz (in tuff), carbonate (in 
diabase) vein. Jason Bay.) P. P-L. (Green fitter. 

Well-bedded, graded volcanoclastic silt and arkose, the latter 
containing andesite lava and tuff fragments. Terra Peninsula. 
peaetes e | 

Cataclastic tourmaline (grey) overgrowing tuff (on right), cut 
by quartz stringers (white) and strongly replaced by pyrite. 
Balachey Lake. P.P.L. 

Sheared chlorite-muscovite vein, around rolled and strained 
fragments of quartz on edge of a quartz vein (white). Terra 
Mineo wae ales | | 
Progressive vug fill, from a centre of amethystine, zoned quartz 
(on left) to finer-grained quartz and finally granular, impure 


dolomite. Silver Bay Mine. Crossed 
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PLATE 4 
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Zoned, corroded andradite over quartz and tremolite. Meta- 
calcargillite. Terra Mine. P.P.L. 

As above. Crossed polarisers. 

Epidote and tremolite overgrowing a quartz-carbonate band. 
Metacalcargillite. Terra Mine. P.P.L. 

Quartz, albite, epidote, diopside, hornblende hornfels. 

Late metacrysts of haematite replace all but quartz. Bloom 
sland. -P2P. be eGreehe ire. 

Anular chlorite metablasts growing in andesite tuff. Albite- 
-epidote facies. Terra Peninsula. P.P.L. 

Veinlet of epidote and chlorite cutting and banded volcanociastic 
sediments and preferentially replacing coarser bands. Terra 
Peninsula mre eel. 

Highly altered vesicular trachybasalt. Silver Bay Mine. P.P.L. 
Wali rock alteration around a 20 cm wide carbonate vein, off 
the right of the picture. On the left, chlorite and sericite 
replace matrix and alter feldspar phenocrysts in andesite tuff. 
In centre, the phenocrysts consist of albite-epidote and 
carbonate in a chlorite and carbonate matrix. On right, the 
phenocrysts are destroyed and the rock consists of chlorite and 
carbonate with quartz veinlets. Terra Mine. P.P.L. Green 
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5. GEOCHEMISTRY OF APHEBIAN ROCKS 


Analyses have been performed on 39 samples (5 basalts, 10 
andesites, 8 felsic volcanic rocks, 7 plutonic rocks, 6 sediments and 
3 diabases) for up to 25 elements. The analytical techniques are 
reported in this section together with all the data relevant to a 
discussion of the nature of the magmatism in the Camsell River area. 
Results more pertinent to studies on the source and location of 
mineralisation will be reported later. Inevitably there will be 
overlap, in which case data are presented in both places. Data 


reported in this chapter have been presented in Badham (1973). 


a) Analytical Methods 

Twenty-five samples (3 basalts, 8 andesites, 2 rhyolites, 6 
plutonic rocks, 2 sediments, 1 metasediment and 3 diabases) were 
PT y want yscd kU OL set ls nL or CeseMihs MO me Ud shad. Mist ges edly iis 
Rb, Nb, Zr and Y on compacted powder by Dr. G. holland at the 
University of Durham, using a Phillips 1212 X-ray fluorescence 
spectrometer. The results were corrected by him using a computer 
technique (Holland and Brindle, 1966). 

Thirty-two samples (4 basalts, 9 andesites, 5 felsic volcanic 
rocks, 7 plutonic rocks, 4 sediments and 3 diabases) were analysed 
by Bondar-Cleqgg and Company Limited, for Ni, Co, Aq, U and Au, using 
atomic absorption spectrophotometry. Ni, Co and Ag were extracted 


with HNO. and HCl, U with HNO., and Au by fire-assay. This work was 


ss hy 
ry! ts 
eee * Satet a 
a Ai ae is fal | 
Ps ; e r - Mg ~~ we >. : fF > 
“ot cxttashd'D) ts | A >: ea moa i vee le 
on emo am ay atalst By 


erin, aaupliiieod vaste A “a ies 


@ os andvetoy etah Sdt Tlavet f noty> 
“aris amin Et ened sd ih ities | 
+0 wohtsool bas soos eft no zotbua? 0: 
od Tite drodd’ uldud hve” vailt ead se 1 
soot) ,ecvetq dtod at betnsasiqueis.sds 
: dail abcd ni" ba i et 


- 2 


ne sinvtobae cha ies 
cian Toneaaty & bts Inoutbivée sem t seebathe's 
pte Rh 8 SF ERM nd. eM nt ,ot fA, Fe er tt 
sali So-bost Tah .2 30 yd tobwed batseqméa fo. Bre 95 
“goteseeteue? ypteX SIXT eghit dds oni 20 instru ¥e 
reinqnto & orien mba" | 
5 a a apne mh 
sinsatov stefet @ ,2adtaabne vabtaes oY shea 
bscetumo ovew fasasidet €"bns adtoathse’®’ 21501 ah = on 
entey .wA bre O Oho VI Bot ponents toe 
betsendxs syow pA bins’ 09! 21K pierre 
eiw Haw eid mone mH at 


» 


tt 


ra » a 


most generously arranged and financed by Dr. R.W. Boyle of the G.S.C., 
Ottawa. 

Thirty-six samples (5 basalts, 10 andesites, 8 felsic volcanic 
rocks, 6 plutonic rocks, 5 sediments and 2 diabases) were analysed 
by the author for Cu, Co, Ni, Zn and Mn, employing a Perkin-Elmer 
Model 303 atomic absorption spectrometer under the direction of 
Dr. S. Pawluk, Department of Soil Science, University of Alberta, and 
with the assistance of operator, Mr. Park Yee. 

The samples for atomic absorption analysis were prepared by 
fusing 1 gram of dried rock powder (< 150 mesh) with 3 grams of 
lithium tetraborate in a Pt~Au crucible. The glass was quenched and 
dissolved in distilled water, and HC? and the resulting solution made 
up to 100 ml, ensuring that the concentration of HCl remained at 
approximately 6%. - One sample was prepared twice from the same powder 
to test the reproducibility of the method. Indications from previous 
studies (Robinson, 1971) were that these sample proportions would 
give measureable concentrations of the elements being analysed. 

Five U.S.G.S. standards (G1, W1, AGV-1, BCR-1, GSP-1) were prepared 
for analysis in exactly the same way, together with a blank sample 
- made up withlithium tetraborate, but no rock powder. A range of 
internal standards at suitable concentrations was prepared by 
dissolving metal salts in distilled water and diluting to required 
concentrations. HCl was added to make acid concentrations the same 


as in the sample and external standard solutions. 


Calibration curves were prepared for each element by running both 
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internal and external standards twice. Accepted values for the 

external standards were taken from Flanagan (1969) (Go, GSP-1, AGV-1, 

BCR-1); Taylor and Kolbe (1964) (W1 for Co, Cu); and Fleischer and 
tevens (1962) (W1 for Zn). 


Errors and detection limits of the study were: 


Detection Limit 


ae (ppm) 
Ni + 8% 20 
Co Serre? 30 
Cumhs! 887 20 
et Sew | 2 15 
Mn* up to 7% 30 


*Errors for Mn are hard to estimate because 
of wide disparities in published values for the 
U.S.G.S. standards. 

There are published zinc values only for Wl. Consequently, it 
is of interest to note the following results for the other standards, 
corrected from a standard curve of the internal standards and a 
value for W1 of 82 ppm (Fleischer and Stevens, 1962). Averages of 
other published analyses for Zn in WI range from 62-110 ppm with a 
mean of 78 ppm. 


Zn ppm + 1% 


G2 68 
GSP~1 96 
AGV-1 78 


BCR-1] 109 
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Results 

The results are presented in Table 1. The large scatter in the 
values of Na, Ca and K and their associated trace elements are 
clearly demonstrated: these are the result of the alterations 
discussed in the previous chapter. 

None of the samples analysed was apparently weathered. The two 
analyses of volcanoclastic-sedimentary rock show a close similarity 
to those of the andesite lavas from which they were derived. However, 
rFeO is enriched and CaO strongly depleted - the alkalis are unchanged. 
It is concluded that palaeoweathering is responsible for this change. 
One tuff (SJ 10.1) and one basalt (NK 4.1A) show similar anomalies, 
but both have apparently also lost potasn. It is suggested that this 
alteration is hydrothermal, and concluded that none of the analysed 
samples underwent any alteration by palaeoweathering. 

From the field relations, petrography and analyses, it is 
concluded that most of the alteration effects are hydrothermal and 
correspond to the destruction of mafic minerals to chlorite and magnetite, 
and feldspars to carbonates, epidote and sericite. The effects of 
contact metamorphism per se appear to be negligible (compare sample 
locations in Appendix I with the metamorphic map [Fig. 12]). The 
petrography of analysed samples is also reported in Appendix I. 

Because of the alteration effects, any classification scheme must 
be used with caution. For instance, schemes based on normative feldspar 
proportions become meaningless. Total alkali values are, however, 
less variable (Table 1) and indicate that plots involving (Na,0 + K,0) 


and one or two other components may be more useful. 
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b) Classification of the Volcanic and Plutonic Rocks 

The rocks are classified using the criteria of Irvine and 
Baragar (1971) where possible. The AFM diagram (Fig. 14) of the 
Suite shows its calcalkaline nature and a typical trend of alkali 
enrichment to an extreme differentiate - the quartz-porphyry dyke. 

An alkalis:silica diagram (Fig. 15) demonstrates the marginally 
sub-alkaline nature of the suite, although the scatter is large. 

Two of the basalts plot in the alkali field; the alkali values of 

the third are spurious. The plot of the averages on this diagram 
Shows a typical calcalkaline differentiation trend that can be seen 

to be slightly more alkaline than those presented by Irvine and 
Baragar (op. cit.) for example. In neither of these diagrams is there 
any detectable difference between the volcanic and plutonic rocks and, 
in spite of the alteration, the suite can readiiy be classified. 

Subdivisions based on rock chemistry are more difficult to make. 
Attempts to classify the plutonic rocks using the systems of Heitanen 
(1963) and Smith (1963) produced results sometimes inconsistent with 
the petrographic data, because of their dependence on alkali values. 
Consequently, the nomenclature for the plutonic rocks from field and 
petrographic data is retained. 

Irvine and Baragar (op. cit.) recommend the use of a normative 
colour index: normative plagioclase composition diagram to subdivide 
the volcanic rocks. Its principle shortcoming is, as they admit, the 
dependence on the alkali analyses, and attempts to use this method 


gave inconsistent results. 
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Consequently, the volcanic rocks are subdivided on the basis of 
Silica alone. The samples analysed fall into three natural groups 
(basalt: Si0, < 55%; andesite: 55% < Si0, ¢ 65%:--rhyolite: Si0, Sys ane 
The absence of dacite (65% < Si0, < 70%) is almost certainly an 
accident of sampling. However, the gap between basalts (Si0, 
maximum 51.19%) and andesites (Si0, minimum 57.40%) is real. Samples 
identified petrographically as 'basaltic andesite’ feli into either 
‘basalt’ or ‘andesite’ fields. Although this subdivision is 
unsophisticated, it is justified both by its independence of aikali 
analyses ana by the close similarity of the averages of each 
subdivision (Table 2) with averages of other suites from similar 
geotectonic environments. 

The basalts can be seen (from Table 2) to be grossly similar to 
the average alkali basalt (Manson, 1967; Prinz, 1967) apart from 
enrichments in xFe0, K,0 and Rb and depletions in Ni, CaO and Sr. 
Even when the spurious results of the altered sample (NK 4.1A) are 
omitted, these differences persist and are significant. 

The andesite tuffs and lavas are closely similar to an average 
high-K andesite (Taylor, 1969) and are classified as such. This 
high K-content is the cause of their marginally alkaline nature on 
higure lo, 

The rhyolites closely resemble those from many suites of similar 
geotectonic position - for example those of the Lake Taupo region 


(Taylor et al., 1968). The close similarity of the intrusive and 


extrusive rocks is well demonstrated in Table 9. 
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$id2 
Tid. 
G 
Al,9, 
LFed 
MnG 
MgO 


Cad 


BASALT 
Camsel] R Camsel] R ea 
Average Average* Averaget lava 
50.01 47.65 58.81 
1.50 2.54 0.60 
16.18 16.02 17.92 
16.53 15.08 WO? 5,69 
0.24 0.16 0.61 
Well 7.20 2.85 
3.23 4.64 10,24 6.41 
3.13 3.24 4.17 
1.69 2.50 1.42 2,65 
9.27 0.5] 0.27 
0.06 - 0.02 
1595 2 oa ne 
464 680 444 705 
61 119 51 109 
100 140 774 320 
Y 10 
140 138 144 
23 10-100 19 
4] 101 14 
39 42 13 
1.05 2.41 1,08 


ANDESITE 


tuff 


61.58 
0.63 
15.76 
6.79 
0.48 
4.24 
3.18 


0. 
16. 
6. 


0. 
Sos 


20 
62 
84 
24 
55 


80 
62 
.50 
.24 
.02 


Camsel] R Carsell R Camsell R 
Average 


60. 


78 


Average? 


Oo 


pe ry 
Some RHYOLITE 

Calc- a A © ~ 

atkald Camsell R Camsell R Lake Taugo 


Average8 Average Average* 


60.80 64,19 Rit Tea 
0.77 0.63 0.20 0.27 
16,80 15.98 13.25 13.50 
5.13 5.29 2.14 1.68 
- 0.18 0.08 - 
2.15 2.41 1,32 0.25 
5.60 3.23 0.65 1.49 
4.10 2.46 3.78 4.12 
3.25 5.37 3.34 3.39 
- 0.22 0.06 - 
0.04 0.03 - 
1300 1158 496 400 
400 1308 652 870 
83 201 150 108 
620 288 201 125 
Vi 15 14 5.6 
val 232 141 160 
20 29 21 23 
3 iH 9 nd 
13 19 id n.d 
0.23 0.58 0,90 : 


All averages calculated to 100.0% on a water and C0, free basis, and with all iron as Fed 


*C 
tA 
ofA 
XA 


Qs 


amsel] River basalt averages, ignoring disparate values from Sample 3 


verage alkali basalt from Manson (1968) and Prinz (1568) 
verage high-k andesite from Taylor (1963) 


yverage Lake Taupo rhyolite from Taylor et al. (1968) 


verage Canse)] River intrusive rock, omitting sample SX3.13B, 


TABLES 2s Comparisons of Canisell River Analyses with those of other similar suftes. 


cH 


es 


4) 
i 
t 
> es e aa 
- rege rE. i * Mion = oy 
avin es 
+ 27a3 : ott > * 3a: 


a 
ete Geet FAs... ae ia: 2 ite 
. rene ‘ n "i sigh PAUMGY) vas 


oo nts Paighnn beet Sad 


jae al ane t-— a — yo ns ree: wee 
| et ae. WS, 
Te mm 2 

po — > wn oe. | 
: i i ao “6 ‘ ar iz nae san Sygate 


fA ea ina 6},,4 


> ep -- Fe 1h bit eo i te 


tes 2 PX .4 4 Va. * i > 
* 
‘ f 4 +. se aa r 
! , Cen 
7 il a » ‘ ad 
f md | A; 3,7 gt.5 
i ris ca% ‘ 
- P 44 * ite ig - ry 6 ' ri 
Z =."* a-Ve- ee | ho - A . 
‘ wae ~ © 
- uns i ; ® 
25 ; 
a 
4 " alae - fo Gl a Le via -> ie 
’ : 
ance a . | 4 
5 * 
ae ee neal aoe ie 
. 
j Ohi> ; Fas | ime alten we Wr ey 
ue , if she if Ps | y = ~ at i - 2 
L : ti uf, it 
: ® 
4 ,*' ar. ‘ys Cd 
4 t 
ae v 
: Wy = Oe | ee 
- : ad ee + « > ‘ = ‘ = 
| : : a wi it 
2 + e/- s i ro wy * 
4 = 
7 ri ai eS . gl 
7 ty «@ a4 E a aa _ 
iar « - * 
et - ‘ a a5 a4] 
wm 9 cNu4 ; 
mat a ae - 
+ he — t : 


- 
4a ed , “abel ome a as teh tt : 


se 68% ' ® (sé _ betes & ye 


- ae ee he ee L. iow! nor ry acre 
; ue 4 ott we pai manne 
s . . 7 a , taal 


7 a ae tek "* 4 etd: is bn 
= 7 ans Wi vee Ftd) seed 


ak 1OTg F - ; 


i 
i 


leap yon / 
>. ae 


a ne 


a. _ aia ma 


67 


The intrusive rocks are comparable with many typical orogenic 
batholith suites, but are particularly enriched in KA0 and have a high 
K,0/Na 0 ratio. They are similar in many respects to the high-K 
suite from Yeoval, Australia, discussed by Gulson et al. (1972), but 
differ from other calcalkaline 'shoshonitic' suites (Joplin, 1968) 
in having low Ni, K0/Nao0 > |] and a higher content of T10, (Smith, 
1972). 

In general the suite closely resembles a number of continental 
late-orogenic calcalkaline suites. The volcanic rocks are closely 
similar to Cenozoic Andean suites (Hamilton, 1969; Vergara, 1972), 
although more K-enriched. This K-enrichment is similar to that in 
the Cenozoic basin and range suite from the Shoshone Mountains 
(Vitaliano and Vitaliano, 1970). The intrusive rocks are more 
K-enriched than the volcanic rocks. 

The Peacock Index of the wnole Camsell River suite (ignoring, 
for a moment, the basalts) is around 55 ('alkalic-calcic') and is 
closely similar to the Yeoval, Andean and Shoshone suites discussed 
previously. The low Ni-contents and low Ni/Co ratios are typical of 
calcalkaline suites (Taylor, 1969a). 

Joplin (1968) intimated tnat high-K lavas and intrusions were 
typical of periods of tectonic stabilisation in the waning stages of 
orogeny. The Yeoval, Andean and Shoshone suites discussed are all 
typical of such environments, whereas the Papuan suite (Jakes and 
Smith, 1970; Smith, 1972), while broadly similar, differs in detail 


both chemically and in its geotectonic position. 
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Harker variation diagrams for the major (Fig. 16) elements 
demonstrate the very close similarities of the Camsell River and an 
Andean suite. The Andean trends are drawn from data assembled by 
Hamilton (1969) for the Cenozoic rocks of the central Andes. Apart 
from certain anomalies in the basalts and the higher K40 values, the 
comparisons are remarkable. 

The basalts from the Camsell River area are consistently 
anomalous. Basalts are not common in the late Tectonic calcalkaline 
suites (for instance, none are described in the Cenozoic Andes), but 
where they occur they are consistently similar in containing olivine 
ana calcic plagioclase phenocrysts. Published analyses of such 
basalts (Ewart et al., 1968: New Zealand; Wise, 1969: High Cascades; 
Vergara, 1972: Mesozoic Andes) are grossly similar and Turner and 
Verhoogen (1960) conclude that the "chemical features that tend to 
recur in the basic members of the andesite association are high 
Al,0.35 Tow Ti0, 
basalts contain hornblende and intermediate plagioclase phenocrysts 


and zFeO and very low KAO." The Camsell River 


and are enriched in 2Fe0 and K,0, and depleted in 110, and CaO. They 
are alkaline, but the low Ni content and Ni/Co ratio suggest a closer 
affinity with the calcalkaline suite in the area, as does the high 
Al,04 content. 

Considerable alteration of the basalts is evident both in the 
field and petrograhically (Appendix I), and may have exaggerated 
chemical differences (especially by the loss of CaO to form carbonate 


veins), but the chances of areally and texturally different basalts 
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Figure 16. Harker Variation Diagrams for the Major Elements in the 
Igneous rocks of the Camsell River Area, compared with 
a Cenozoic Andean suite. (Hamilton, 1969). 
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(and only basalts) showing the same alteration are low. 

The low Ni contents of the basalts suagest either a pre- 
eruptive loss of olivine by fractionation, or a low initial Ni 
content (Taylor, 1969). Their hornblende porphyritic nature and 
the tuffacecus, shard-bearing horizons testify to a nigh water content 
of the magmas. Hydrous magmas are typically enriched in alkalis over 
their less hydrous, pyroxene- and olivine~bearing counterparts. These 
data suggest that the basalts may be related to the rest of the 
calcalkaline suite, but that this relationship is obscured by 
alteration. 

The variation diagram for the trace elements (Fig. 17) shows 
that the basalts lie on expected evoluticnary curves for many 
elements - notably Ti, U, Nb, Zr, Y, Zn, Cu, Co and Ni. The 
relationship may be tested by looking at elements whose distribution 
is not greatly affected by alteration. Nickel is one such and its 
content is typically low. Al, Zr and Ti are others. The Al, Ti 
and Zr contents of Sample SJ 29.8 are suspiciously similar te those 
of the diabases (Table 2). It was collected near the margin of a 
young diabase dyke in an area of poor exposure on the Terra peninsula. 
It is concluded that this may be one of the older, altered diabase 
dykes, and its analyses for Al, Ti and Zr are not included in the 
following discussion. 

A Ti:Zr plot for the Camsell River suite (Fig. 18) shows a 
continuous trend from basalt to rhyolite. This does not indicate 


consanguineity of the basalts and the rest of the suite, but when the 
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figure is compared with a similar plot for other calcalkaline suites 
(Fig. 19), wnere consanguineity is proven, the basalts are closely 
Similar. The alumina vaiues for the basalts are also typical of 

basic calcalkaline rocks (close to 'high-alumina' series). It is 
concluded that the basalts are part of the calcaikaline suite, but 
that their relationship has been obscured by alteration. Nevertheless, 
they still differ from others in their hornblende-porphyritic nature 
and high water content. 

From the data and arguments presented in this and preceding 
sections, it is concluded that the Camsell River magmatic rocks are 
all consanguineous, and part of an aikali-rich calcalkaline suite, 
having distinct geochemical, petrographic and field affinities with 


younger orogenic suites. The Ti:Zr diagrams can be used to further 


~~ 


these comparisons and to make hypotheses both of magma origin and of 
magma evolution. 

The idea is demonstrated by the 'fractionation diagram' (Fig. 19). 
Essentially Zr is restricted to amphibole in the earlier~formed 
minerals of a crystallising basic magma. Various sources indicate 
Zr contents between 50 and 200 ppm for magmatic amphiboles (e.g. 
Engel, 1959), although data are scanty. The Zr contents of clino- 
pyroxene are lower. Ti may substitute in early clinopyroxene, 
amphibole or magnetite, but will enter the oxide preferentially. 
Titanium, as it. substitutes for pad rather than asl in both 
amphiboles and pyroxenes. Thus progressively greater amounts of Ti 


might be expected in progressively more oxidised amphiboles and 
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pyroxenes, until such time as magnetite forms. 

Consequently, Zr fractionation in magmas must be controlled by 
ampnibole. Ti fractionation is controlled by amphibole, clinopyroxene, 
magnetite and f0, (McReath, In Preparation). On the fractionation 
diagram trends in the NE quadrant are therefore controiled by some 
amphibole or pyroxene fractionation from the magma, and the steepness 
of these trends will depend on the amount of Ti both in the original 
melt and in the crystal phases (i.e. on f0,) . Trends in the SE’ 
quadrant invelve strong amphibole fractionation, and progressively 
Steeper trends will involve more and more magnetite. Finally, a 
vertical trend can involve magnetite alone. Although the amphibole 
may carry Ti, weak fractionation will not affect the residual 
concentration of Ti in the magma: it is too high initially. 

Sometime during the course of crystallisation of a tholeiitic 
magma hornblende and magnetite will start to form. Any trend in the 
NE quadrant will now turn into the SE quadrant. If the magma 
evolves to such a point that zircons precipitate, and are fractionated, 
the trend will reverse into the SW quadrant. A large number cf 
tholeiitic suites have a starting composition around 50 x 10° ppm Ti 
and 50 pom Zr, and evolve initially into the NE quadrant (McReath, 
1972). The distance and steepness of this NE evolution will depend 
entirely on the amount of Ti in the fractionating phases (i.e. on the 


f0 Progressively more oxidised suites should trend progressively 


2): 
closer to the E-axis, and then into the SE quadrant, as shown in 


Figure 19). 
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All calcalkaline suites trend either horizontally or into the 
SE quadrant from a parent containing about 100 ppm Zr and 60 x 10° ppm 
Ti. The difference in steepness of this trend between island arc 
calcalkaline suites and continental K-rich suites is of interest and 
would seem to indicate that magnetite plays a more important role 
than amphibole in the fractionation of island arc magmas. It is 
also interesting to note the change of trend of both the Deception 
and Umnak suites as the transition from tholeiitic to calcaikaline 
is made. 

The Camse?] River suite plots on the margins between the island 
arc and K-rich types and shows a similar trend. The parent of the 
calcalkaline suites falls close to the fractionating tholeiite line 
and may indicate that tne calcalkaline suite may be derived by sudden 
change in conditions in a fractionating tholeiite macma (i.e. sudden 
increase in f0, or pH, 7 

Recent high-K calcalkaline suites are developed in Andean-type 
orogens and it has often been proposed that the suites are derived 
by partial melting of a descending slab of lithosphere on the Benioff 
Zone (McBirney, 1969; Dickinson, 1970) followed by fractionation of 
hornblende (Jakes and White, 1972). The chemistry, petrography and 
geology of the Camsell River suite are consistent with such a model. 
Applications of Dickinson's K-h plots (1970: Fig. 3) to the Camsell 
River suite indicate that, if the suite oriainated by partial melting 
on the Benioff Zone in a similar manner to that proposed for recent 


circum-Pacific suites, tnen the magmas were derived from between 
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250 km-Cat K°50) and 150 4m (at K 65). 

Figure 20 shows a plot of the dip of the Benioff Zone against 
the distance from the trench to the Camsell River area for different 
depths of magma derivation. Benioff Zones appear to dip at between 
20° and 30° beneath the two cordilleras and application of this 
figure to the Wopmay Orogen would imply a trench 450-700 km to the 
west of the Camsell River area (i.e. beneath the Mackenzie Mountains). 
Tne areas of major continental-margin Beltian sedimentation lie 
further to the west. Consequently, either: 1) the model is not 
applicable; or 2) the Benioff Zone had a shallower dip (~ 15°); or 
3) the system was not a single trench-Benioff system, but was a 
complex series of such systems (c.f. the North American Cordillera). 

Indications of a polarity of the Great Bear Batholith were 
discussed in Part I:3 and new chemical data (Hoffman, Pers. Comm., 
1973) indicate that this polarity may be a reality. Hoffinan 
substantiates his field observations of interlayered basalts and 
rhyolites in the eastern part of the batholith, with analyses of the 
volcanic and plutonic rocks, showing a bimodal distribution with an 
apparent ‘andesite’ gap. The basalts are alkali-rich with "2-4% K0 
and 2-3% Na,0". The plutons contain 67-77% S10, and the welded tuff 
Sheets contain up to 80% S105. A polarity in suites from 
andesite-dacite-rhyolite to alkali basalt-rhyolite is eyident, and 
occurs over some 50 miles. 

Similar polarities are typical of a number of Andean-type orogens. 


For example, the polarity across the Cascades is evidenced by the 
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basalt-andesite-dacite rhyolite suites in the southern Cascades 

(e.g. Mt. Mazama and Lassen Peak) and the basalt-rhyolite suites on 
the cratonic margin of the Cascade Range (e.g. Newberry and Medicine 
Lake Volcanoes). This variation also occurs over some 50 miles. 
Similar variations occur in the Andes (Vergara, 1972) and in the 
Avalon Peninsula of Newfoundland (Papezik, 1972). These polarities 
always occur perpendicular to the trend of orogens, with progressively 


more K-rich suites lying further from the 'arc'. It is proposed, 
therefore, from purely chemical and petrographic grounds, that the 
Great Bear Batholith was an Andean-type continental--margin orogen 
in which the original margin was considerably to the west of the 


Camsell River-Echo Bay area. 


. ; 7 = ay 1. : 
Al > if io . 
7 | m4 
| | ht ae ue 


a mu) 


: i: 
antvepend nvaittyor ne 7 | ono “ahs iB nb one: 

on aodtue ott tovilr-aiesee oitt Saleh j woes. ‘Ena pmaxeh ‘2 ) 
aptgi sg bint , yriscwe) «8 on} hanes To se ine: 
aniog wivo AMADOR sts suntantnavs et a J 
off nivbna © “Ot evepn sv), Ranh asl) ft auno0 Lentinaritt f 
bisago) boot hactwelt ag shushtaoA « afavh 


i 


7 gad Iii Re 


Bete 5) Wt). Fe3h ieee 
ted heananiem «(5 14.4 SRO" y MANS A od, 08 setubibinsa94 W500 ey mt 
ieeabada ehh) .« oo" ene od sans eal, 2d tue: cas xe ofa 
44 e oi daygorteg BM (an te re ylowd | no ne 
gro ecco 1b ee boo, Ae uehBA, Ne 26 sponge 9 1698 008 
ails, Ye 2 eS dere apne aterm tent met 


ee wae sng 


80 


6. GEOTECTONIC EVOLUTION OF THE BEAR PROVINCE 


In the past three years there has been a radical change in the 
interpretation of the Bear Province, engendered by Paul Hoffman of 
the Geological Survey of Canada. 

Hoffman, from mapping of the East Arm of Great Slave Lake (1968, 
1969), postulated that the Aphebian Goulburn, Epworth, Snare and Echo 
Bay Groups and the Great Slave Supergroup (see pre-1965 maps and 
reports of the G.S.C.) were part of a single geotectonic unit - the 
Coronation Geosyncline. Later mapping to test this hypothesis 
Showed that in essence Hoffman was correct, but that the Great Slave 
Supergroup was not actually part of the geosyncline and was set back 
into the Archaean craton (c.f. Hoffman, 1969, 1970 and 1972). Further 
work revealed that the Coronation Geosyncline consists of three major 
units (Fraser et al., 19/72: Hoffman, 1972, 1973): 

1. The Epworth fold and thrust belt, comprising the Epworth 
Group sediments which lie unconformably upon tne Archaean craton. 

2. The Hepburn Batholith, comprising the high-grade metamorphic 
rocks of the Wopmay and Emile River beits of the Snare Group, and 
deeply eroded granites and gneisses. 

3. The Great Bear Batholith, comprising epizonal granites and 
derivative volcanics and sediments. 

In addition, Hoffman (1973) proposed that the East Arin of Great 
Slave Lake and Bathurst Iniet were aulacogens, projecting from this 


geosyncline into the craton. Hoffman realised the continuity of 
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process from the undeformed cratonal cover, through zones of 
increasing deformation and metamorphism to areas of major batholith 
intrusion and recognised that the geosyncline had undergone orogeny 
remarkably similar to younger continental-margin orogenies (Dewey 
and Bird, 1976). Hoffman consequently proposed that the units - 
involved in the Aphebian Orogeny be ascribed to the 'Wepmay Orogen'. 

At the same time as these hypotheses were being formulated, the 
author was pondering the palaeogeographic and geotectonic evolution 
of the Camsell River and Echo Bay areas, and realised that his 
interpretations were compatible with Hoffman's hypothesis. 

Studies of the stratigraphy on the eastern Shores of Great 8ear 
Lake revealed that the Aphebian sedimentary and velcanic rocks were 
initially deposited in fluviatile and lacustrine basins between major 
volcanic: ‘highs’, and that occasional marine incursions caused thin 
calcareous units to be interlayered. Younger beds became progressively 
more sub-aerial. A continuity of process but not of lithology was seem 
between the various 'basins' that are now preserved as roof pendants. 
Rapid tectonic activity was indicated by the nature of sedimentation, 
by the rapidity of unroofing of early plutons, and by the syn- 
-depositional faulting. An environment of large volcanic islands 
being uplifted by block faulting above rising batholiths was 
proposed (Badham, 1972) and Hamilton and Myers' (1967) model of 
granitic batholiths finally intruding their derivative volcanic and 
sedimentary rocks was deemed applicable. This was substantiated by 


the geochemical work outlined in the preceding section and by 
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Badham (1973). 

This Andean-type batholith fits well into Hoffman's concept of 
a continental-margin geosyncline and ensuing orogeny. The evolution 
of and time relations within this orogenic belt are not yet clearcut. 
However, the proposed evolution of this continental margin is 
discussed below. 

The Archaean cratons were essentially stabilised by 2390 m.y. 
(e.g. Green and Baadsgaard, 1971) and they must have been similar to 
present day continental crust by then, so that similar processes 
could occur on and around them. There are no data for the time of 
initiation of sedimentation in the Coronation Geosyncline, but there 
are indications that before this time there was a ‘Lower Aphebian' 
event which vroduced the Wilson Island Group in Great Slave Lake 
(see Reinhardt, 1969; Hoffman, 1969) and which may be correlable with 
both the Huronian and the Fay Mine Complex (Sassano et al., 1972). 
Hoffman et al. (1970) propose that sedimentation was initiated a 
little before 2000 m.y. ago. The Epworth Group was initially 
derived from the east and consists of quartzites (Odjick Formation) 
overlain by dolomites (Rocknest Formation) which lie unconformably 
on Archaean basement and which vary westward into basinal siltstone 
and mudstone turbidites. After a period of quiescence during which 
black mudstones were deposited (Lower Recluse Formation) the clastic 
sediments of the Upper Epworth Group (Recluse Formation, Cowles Lake 
Formation) were derived from uplift in the Hepburn Batholith area. 


Emplacement of this ‘'batholith' caused deformation and metamorphism 
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of the lower Epworth sediments and continued uplift and erosion had 
exposed mesozonal granites by Cowles Lake times. During and after 

the unroofing of the Hepburn Batholith, 'qranites' were being 
generated and emplaced further to the west, and were in turn generating 
the late-orogenic volcanism of the Echo Bay Group type. The Great 
Bear Batholith was emplaced and uplifted by 1750 m.y. ago but 

remained separated from the far more uplifted and eroded Hepburn 
Batholith by the Wopmay Fault. These data are summarised in 

Figure 21, 


Thus, there is a polarity of the orogen: 


West East 
Epizonal granites Mesozonal granites Thrust and folded 
Derivative volcanics Metamorphic rocks cover rocks 


and sediments 
on basement 
Late orogenic Intense deformation 


- a polarity remarkably similar to that of both north and south 
American cordilleras, but distinct from the bipolarity of 
‘continental-collision' orogens, such as the Appalachians (e.g. Dewey 
and Bird, 1970). 

The sedimentary, geochemical and geotectonic evidence combine 
to indicate that the Wopmay Orogen developed on the margin of the 
Slave Craton in a similar manner to that in which younger continental- 
margin orogens have developed. This implies that crustal conditions 


have remained essentially unchanged since the Archaean. 
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The polarity of this orogen is developed on a similar scale to 
those with which it is compared. The western limits of the orogen 
are covered by Palaeozoic strata and a strike length of only a few 
hundred miles is exposed at present. Aphebian volcanic and plutonic 
rocks are known from drill-hole data beneath Norman Wells and further 
to the south on the Tathlina Arch (Douglas and Price, 1972), and it 
is inferred that the Great Bear Batholith extends at least to the 
Rocky Mountain front, making it of a scale comparable to the Coast 
Range Batholith, for example. 

Plate tectonic models involving subduction of ocean-floor beneath 
a continental marain have been developed to explain Cordilleran 
geology (e.q. Monger et al., 1972) and it is proposed that they apply 
equally well to the Wopmay Orogen. As in the Cordillera, a inore 
complex series of events than just a single period of subduction and 
resultant magmatism is evident (see Fig. 20), but the history of the 


Wopmay Orogen is far from being worked out yet. 


Some Speculations on Continental Margins 

The Coronation Geosyncline was developed on the margin of the 
Slave Craton. After the Wopmay Orogeny, Aphebian rocks stretched 
from the Epworth Group area to at least Norman Wells. It is implied 
that the sediments of the geosyncline were deposited initially on a 
trailing or Atlantean-type margin (Mitchell and Reading, 1969) and 
that later compressive tectonics resulted in rupturing of this margin, 


subduction and orogeny (shown schematically in Figure 21). 
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Helikian red beds (Hornby Bay Group) were deposited on the newly 
stabilised craton in the Great Bear Lake area. Beltian sediments 
were deposited at this time in large coastal deltas to the west and 
serve to locate the post-Aphebian continental-margin (Gabrielse, 
1972). From Lower Beltian to Lower Palaeozoic times sedimentation 
continued (with minor interuptions) on an Atlantean-type margin 
until compression again caused rupturing at this margin and a complex 
orogen developed to form the Cordillera. This continual process is 
exemplified in sketch diagrams (Fig. 22) and implies that the western 
margin of the Canadian Craton has migrated westward continuous ly 
Since the Archaean. Whether this -migration was caused by addition 
of material from the mantle or by accretion of crustal material 
_Gsland arcs, continental fragments, etc.) is not known. Such a 
aiscussion is beyona the scope of this work and the theoretical 
possibilities have been discussed at length in the literature (e.g. 
“Dewey and Horsfield, 1970). Likewise, discussioris of the strike 
length of the Aphebian Poneanehealemara heard the relationships of 
the Wopmay Orogen and the Churchill Province are subjects only for 
speculation at present: subjects that require an immense amount of 


work before’ any ,of this speculation may become meaningful. 
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Figure 22. Sketch Cross-sections showing the Evolution of the 
Western margin of the Canadian Shield.( Events in 
1500-700 m.y. range are omitted.). 
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7. POST-APHEBIAN LITHOLOGIES AND EVENTS 


a) Faulting 

Four sets of air-phetograph lineaments have been recognised in 
the area. Three of these, striking NW, N and NE respectively 
(Fig. 23), are often of substantial dimensions (Mursky, 1963) and 
are common to much of the Bear Province. The fourth set is also 
common throughout the area, but individual lineaments are short. 

This last set is commonly occupied by the youngest diabase dykes. 

The NW-trending lineament represents a set of faults wnese 
movement pre-dates the major transcurrent movement on the NE-trending 
faults. Furnival (1935) reaches the same conclusion for other areas. 
Cross-cutting relations are, however, not common. Movements on these 
faults have not been documented in this area, but cther workers. have 
noted small offsets, and Mursky (1963) describes them elsewhere as 
being complementary to the NE-trending set. At present ail that can 
be said for this area is that dykes in the NW-trending set are 
Sometimes offset by movements on the NE-trending set. 

The N-trending lineaments are all joints, with no observed 
offsets. The scale of this joint system requires a regional event, 


Such as the uplift and cooling of the whole area, to produce them. 
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They pre-date major movements on the NE-trending faults. Feniak (1949) 


describes right-lateral offsets on N-trending faults at Hunter Bay, 
but other authors (Kidd, 1936; Mursky, 1963) have noted no such 


offsets. 
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Figure 23.Photolineations (Excluding known Diabase Dykes.) for 


a part of the Camsell River Area. 
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The NE-trending lineaments represent the major NE-trending complex 
fauit-systems. Evidence has been presented earlier to imply that 
these faults were active in Aphebian time, but the major movements 
took place after the final emplacement of granites. These faults 
extend throughout the NW Canadian Shield and are often of considerable 
length. They frequently splay, coalesce and bend. In general the 
systems can be ascribed to a NE-trending set of master faults on which 
continuous right-lateral movement developed secondary splays and 
cross-fractures; the number of such splays is indicative of a number 
of periods of fault movement (Chinnery, 1966). 

Right-lateral movement is the rule on both primary and secondary 
faults, although apparent left-lateral movement is suspected in some 
cases {e.g. the Terra Mine fault). No evidence for vertical 
movements has been seen in this area, but Mursky (op. cit.) docunents 


aout 


such movements of a "few hundrea feet" elsewhere. 

The development of these faults appears to be typical of 
Chinnery's (op. cit.) 'Type A', and continued movement on them has 
caused the coalescence of Type A secondary faults with neiahbouring 
primary faults. The geometric problems associated with coalescent 
junctures have been predicted, but no we!l-exposed example has been 
mapped in the required detail. 

However, the details at a splaying juction have been well 
documented. The fault in question is the Bull-Alter-Beach Fault 
system, which was mapped in detai! in 1972. The nature of the 


Fol 


movements are illustrated on maps (Figs. 6 and 23) and in a sketch 
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(Fig. 24). The offsets of 2067 m and 670 m are accurately 
documented, and the offset on the Beach Fault is probably on the 
order of 3500 m. Drag-folding and dilatancy associated with these 
movements 1s shown on Figure 18 and a comparison of this actual case 
with some geometric models for the development of such features (Fig. 24) 
allows predictions of the order of movement of the three splays from the 
Master Bull Fault. The model implies that the Bull Fault moved first 
and that a dilatancy, generated at a slight bend in the fault. was filled 
(during or just after this movement) in this case with a 'Giant Quartz 
Vein'. Subsequent movement on the Alter Fault generated dilatancy 
on both faults and disrupted the rocks between the two (Fig. 24, 
Model 7). Finally, movement on the Beach Fault took place, causing 
minor draa-felding, but dilatancy only on the Master Fault (Fig. 24, 
Modeis 3 and yee | 

Minor structures related to the major structures show identical 
features (e.g. Fig. 24, Uutcrop SJ 11.5), and a study of these 
features can often lead to an understanding of the major features 
where marker norizons are absent or the fault-planes are not 
exposed. Study of minor structures has revealed that all of the 
eight alternative models in Figure 18 do occur, although the geometry 
and history of the real cases is often far more complicated. The 
development of dilatancy on these NE-trending faults is the most 
important post-Aphebian event in the area and permitted the 
introduction not only of the Giant Quartz Veins and diabase dyke 


swarms, but also of tne mineralised veins. In general the Giant 
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Quartz Veins occupy major dilatancies on the Master Faults and the 
mineralised veins occupy smaller splays from these faults. The 
development of dilatancies will be discussed more fully in the 
description of the controls of mineralisation. 

The E-striking lineaments are interpreted as joints and cross- 
or tension-fractures related to the NE-trending faults. They 
commonly run between NE-trending faults, but never through them, 
and little or no movement is associated with them. They are 
dilatant and often filled with quartz or carbonate veins and with 
the youngest set of diabase dykes. In the mineralised areas they 
join the major NE-trending veins and typically contain the later 


stages of mineralisation. 


b) Giant Quartz Veins 

Stockworks of quartz, up to 170 m wide, have been seen on the 
Smallwood, Heathcliff, Bull and Bloom Fault Systems. The Bull Fault 
itself is filled with quartz for over 10 miles. Inal] cases the 
stockworks exhibit progressive filling of dilatant fault zones, 
interupted by periods of extensive brecciation of the earlier fill. 

The stockworks consist of an inner zone of massive quartz and 
Silicified rock fragments, surrounded by an aureole of silicification 
in the country rock, which is dissected by numerous quartz stringers. 
The siliceous zone is enveloped by zones of sericitic and chloritic 
alteration. 


The earliest quartz, now mostly broken fragments cemented by 
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younger infusions, was white and massive, and constitutes the major 
part of tne veins. This phase was brecciated and a finely-banded 
chalcedonic quartz was introduced. This was brecciated in turn and 
a vuggy clear quartz was deposited with local concentrations of 
copper and uranium minerals and hematite (e.g. at Echo Lake, Jason 
Bay [Plate 5.7] and Uranium Point). 

Furnival (1935) has described these veins in detail. They 
occur throughout the NW Shield, always in NE-trending faults, and 
show evidence of three, and sometimes four periods of mineralisation, 
and hence up to four periods of fault movement. Rarely are the 
minerals of any economic interest. 

Generally the Giant Quartz Yeins were emplaced after the granites 
and before the Hornby Bay Group, but there is good evidence to show 
that the last phases of quartz mineralisation took place after the 


Hornby Bay Group sediments had been deposited (Kidd, 1932). 


c) Diabases 

The geology and age relations of the diabases of the Bear 
Province have been in an alarming stage of confusion for many years. 
There have been a number of phases of diabase emplacement, eacn on 
a number of trends, and reports of these together with some 
completely erroneous data are responsible for the confusion. An 
attempt is made here to unravel the Gordian Knot after reviewing all 
the available literature. 


The dykes of the Camsell River area are as complex as any 
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(Fig. 25). Early mapping distinguished NW-, NE- and E-trending sets 
and a thick sheet - the Gunbarrel Gabbro. All these dykes are 
two-pyroxene-, quartz-, magnetite-, ilmenite-, plagioclase-bearing 
diabase, and all have suffered some alteration to assemblages of 
hornblende, biotite, chlorite, oligoclase, sphene, rutile, 
maghaemite and haematite. This alteration is controlled by the 
grain size, the finer rocks being more altered. In addition, the 
quartz occurs as interstitial anhedra in the fine-grained dykes, but 
as micrographic intergrowths with feldspar in the coarser ones. 
There is no consistent mineralogic difference between dykes of 
different trend. The margins of these dykes are chilled (Plate 3.4) 
and often contain small carbonate ana quartz veins with iron and 
copper sulphides. 
Analyses (Table 2) show that these diabases are typical quartz 
tholeiites, indistinguishable from other continental dyke-swarms of 
the Canadian Snield. 
The following field relationships have been observed: 
1. A NW-trending dyke is cut by an E-trending dyke. 
2. Some NW- and E-trending dykes merge into one another. 
3. E-trending dykes often cut the NE-trending faults and 
Giant Quartz Veins. 

4. Some E-trending dykes stop at the Bull Fault and cut 
Sheared and quartz-veined rocks, but are not sheared 
themselves. 


5. The Gunbarrel Gabbro varies from a thick sheet to an 
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E-striking dyke (Murphy, Pers. Comm., 1973) to a 
NE-trending dyke. 

6. The E-trending dykes do not cut the Gunbarrel Gabbro and 
the gabbro does not cut the dykes. 

7. One remnant of an older 'diabase’ was found on the Terra 
peninsula. It is extremely altered and its feldspars are 
stained red with haematite. It post-dates the intrusion 
and the magnetite body, but is cut by an E-trending 
diabase. 

From this data it is concluded that: 

1. There may be an cld set of dykes which are now extremely 
altered. 

2. The NW-, NE- and E-trending dykes and the gabbro are 
penecontemporaneous. A major dyking event at some time 
after the last major NE-trending fault movements caused 
any 'unsealed' fracture to be filled. 

Data from the rest of the Great Bear Batholith is apparently more 
confusing, mainly because of radiometric and palaeomagnetic studies 
without proper geologic controls. However, the following relations, 
synthesised from the references listed, can be seen. 

1. Some highly altered 'gabbroic dykes' intrude Apnebian 
volcanic rocks, but are cut by granites (Furnival, 1934; Kidd, 1936; 
Smith, 1953). 

Ze Post-Aphebian dykes with red (altered) feldspar precede the 


first stages of Giant Quartz Veining (Kidd, 1932, 1936; Kidd and 
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Haycock, 1935; Feniak, 1949). These dykes often lie in NE-trending 
faults, pre-date the vein-mineralisation at Echo Bay (Robinson, 1933) 
and are cut by younger dykes (Feniak, 1949). At Echo Bay these dykes 
may be about 1625 m.y. old (Thorpe, 1971). 

3. All authors but two (Kidd, 1936; Furnival, 1939) agree that 
events after the earlier dyking were as follows: 

a) Giant Quartz Veins - Phases 1 and 2 

b) Deposition of Hornby Bay Group 

c) Giant Quartz Veins - Phase 3 (and 4) and minerals. 

Vein mineralisation is thought to have taken place throughout this 
time. Kidd and Furnival tentatively identify some dykes as older 
than c) above. 

4&4. Relations between the 'younger' dykes and the sheets are 
ambiguous, but when viewed as a whole, indicate their contemporaneity. 
For example, the sheets often turn into dykes of variable trend, or 
have dykes as apophyses (Kidd, 1936; Parsons, 1948; Feniak, 1949; 
Mursky, 1963). These dykes cut the Hornby Bay Group, the Giant Quartz 
Veins and the Echo Bay vein mineralisation (Kidd, 1932; Robinson, 1933; 
Parsons, 1948; Feniak, 1949; Mursky, 1963). The sheets are sills in 
the Hornby Bay Group, but flat-lying sheets in the Aphebian rocks. 
They often originate from the NE-trending faults (Furnival, 1934: 
G.S.C. Maps 1014A, 697A, 1224A, A9-19). These dykes and sheets often 
have carbonate-rich margins containing sulphide minerals, and 
occasionally have small veins containing remobilised Ni-Co arsenides 


and silver (Robinson, 1933; Furnival, 1934). The dykes and sheets 
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have been shown to have approximately the same K-Ar (Wanless et al., 
1970) and Rb-Sr (Robinson, 1971) ages (1200-1400 m.y.). Palaeomagnetic 
work (Irving et al., 1972) shows that the Western Channel diabase and 
the Port Radium sheets have reversed but equivalent poles that appear 
to fit the 1200-1500 m.y. interval on apparent polar wandering curves 
for the Canadian Shield. The Gunbarrel Gabbro and Bell Island Gabbro 
(Kidd, 1936) are similar. Temperatures near these diabase sheets 
reached at least 650°C (Irving et al., 1972) and remobilisation of 
older vein minerals is documented by Thorpe (1971). 

It would seem, therefore, that two periods of diabase intrusion 
(~1625 and ~1400 m.y.) took place in the Proterozoic rocks at Great 
Bear Lake. There is no evidence that any member of the younger 
swarms (Numbers 10 [875 m.y.] and 12 [700 m.y.]: Fahrig and Wanless, 
1963) outcropsin the area. Relationships beyond the Great Bear 
Batholith are more coup ya ted and are summarised in Fraser et al. 
(1972). The work of Fahrig and Wanless (1963). does not apply to 
this area. 

Age relations of the dykes and other features are shown in 


Figure 5, 


d) Mineralised Veins 

Quartz-carbonate veins containing iron and copper sulphides are 
associated with the plutons, the Giant Quartz Veins and the younger 
diabases. Minerals observed include quartz, chlorite, dolomite, 


ankerite, calcite, barite, haematite, pyrite, uranium oxides, bornite, 
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chalcopyrite, chalcocite, covellite and arsenopyrite. The veins are 
vugagy and the minerals were precipitated in vugs in sequential bands. 
Only the carbonates are ever replaced by otner minerals. 

A vein containing brecciated and strained black tourmaline 
(Plate 3.6) cemented by carbonate, quartz and pyrite fills a fauit 
at Balachey Lake. No other veins of this type have been seen. 

The ore-bearing veins are documented in greater detail in Part II. 
Suffice it to say here that all the veins are controlled by faults 
and related fractures, and al] can be related to hydrothermal 
solutions that were introduced into these faults, or to dykes that 


intruded the faults. 


e) Alteration 

Four categories of alteration have been recognised in the 
Camsell River area (Badham, 1973) and were documented further in 
Section [:5. They are: 

1. Palaeo- and recent weathering. Palaeoweathering of flow 
tops and some tuffs can be seen in the field and typically takes the 
form of strong haematitisation and leaching. Recent weathering is 
virtually limited to sulphide-rich rocks which decompose to a crumbly 
Orange gossan. Apart from the surface effects of lichens, other 
rocks are barely affected. 

2. Autometasomatism in the volcanic pile. Zeolites were 
reported in andesites at Echo Bay (Robinson, 1971) but none has 


been documented from the Camsell River area. The uralitisation 
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of diabase has already been discussed, and is clearly autometasomatic. 
3. Contact metamorphism. Again the effects of this have been 
discussed previously. 
4. Hydrothermal. Chlorite, epidote, quartz, carbonate, 
haematite and sulphides have grown at the expense of original 
minerals adjacent to all the veins, faults and diabase dykes (Plate 


4.8). The great number of such features minimises the chances of 


collecting unaffected samples. In general the rhyolites and sediments 


appear least affected, essentially because of their low contents of 


mafic minerals. 


f) Geochronology of Events 

Geochronologic studies of we Great Bear Batholith are, sadly, 
few and far between: there are no such studies of the Camseli River 
area. K-Ar ages from the Hepburn Batholith (G.S.C., various) - 
cluster around 1700-1760 m.y. and the Great Bear Batholith is of 
Similar age. 

The Upper Echo Bay Group gives a Rb-Sr age of 1770430 m.y. 


(Robinson and Morton, 1972) and is intruded by granite giving a U-Pb 


10] 


age of 1820430 m.y. (Jory, 1964). K-Ar ages of andesites, granodiorite 


and granite at Echo Bay (Robinson and Morton, op. cit.) give ages of 
1570-1700 m.y. The model to be presented proposes the very close 
temporal reiations of volcanic and intrusive events and the different 
ages obtained are presumed to represent differences in analytical 


methods used. Most of the Aphebian events in the Camsel! River area 
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are presumed to have taken place in the 1850-1700 m.y. interval. 

The diabase sheet and possibly associated veins have been dated 
at 1400+75 m.y. (K-Ar: G@.S.C. 67-80) and 1370+60-1435+60 m.y. (K-Ar: 
Robinson and Morton, 1972). Uranium from the Port Radium Mine has 
been dated frequently as being about 1450 m.y. old (Cumming et al., 
1955; Eckelman and Kulp, 1957; Jory, 1964) but Thorpe (1977), using 
both Jory's and new data, indicates a model lead age of 1625 m.y. for 
the earliest stages of mineralisation and ascribes the 1400 m.y. ages 


to updating by the diabase sheets. 


This geochronological data has been used in constructing Figure 5. 
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8. A DIGRESSION ON THE METACALCARGILLITE AT TERRA 


The comprehension of this lithalogy is of crucial importance 
in understanding the controls of both vein and skarn mineralisation 
at the Terra Mine. This understanding has been hampered by the fact 
that the unit is only seen in the aurecle of the Terra intrusion. 
Where it occurs in the albite-epidote facies, palimpsest features can 
be seen and the original rock is interpreted as having consisted of 
finely-banded limestone and tuff. Much of the tuff is fine-grained 
and of ash-fall origin, but some beds are coarser crystal tuffs, 
composed of fragments of quartz and feldspar. The nature of the 
banding is very variable and no regular or cyclic Sequences can be 
seen. The calcargiilite is interpreted as having been deposited in 
~a calm environment where limestones were chemically precipitated, 
énd into which distal tuffs fell spasmodically. 

Most exposures of the unit are now on the border of the 
hornblende-hornfels and albite-epidote facies, between 150 and 300 m 
from the intrusive contact. The rock is still well-banded, but the 
present bands do not represent original bands: they are the product 
of diffusion reactions between bands. Minerals recognised are 
diopside, hornblende, hastingsite, tremolite, actinolite, 
andradite/grossularite, scapolite, idocrase, zoisite, clinozoisite, 
epidote (usually pistacite ), albite,- biotite, muscovite, apatite, 
Sphene, magnetite, marcasite, pyrite, chalcopyrite, sphalerite, 


galena, quartz, dolomite, and calcite: i.e. the basic mineralogy is 
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quartz, carbonates and Ca~Ai-Fe silicates. 

The paragenesis of these minerals in the hornblende-hornfels 
facies (Fig. 26) shows the retrogression of the suite from the 
hornblende to the albite-epidote facies and, indeed, textures seen 
in thin section suggest that: 

1. The garnets have altered to epidote, quartz, chlorite 

calcite assemblages. 

2. The amphiboles are altering to chlorite and magnetite. 

3. The diopside has altered to tremolite. 

Each of these is a retrogression and no remnants of the prograde 
reactions are seen. 

In the albite-epidote facies rocks, original impure caroonate 
can be seen, but in the higher grades oniy fresh calcite nas been 
observed. Prograde reactions to form albite, tremolite and muscovite 
are indicated by textures in the albite-epidote facies rocks. 

The mineralogy of the bands is now rather simple. Individual 
bands rarely contain more than three minerals and are often mono- 
mineralic. Groups of bands containing symmetricaily-arranged simple 
bands are common and suggest diffusion reactions between original 
bands. Monomineralic bands include epidote, garnet, hastingsite, 
chlorite, albite, magnetite and sulphides. 

in all cases the magnetite (apart from a little from degradation 
of the amphiboles) and the sulphides have been introduced subsequent 
to the peak of metamorphism. 


The mineralogy of some of the symmetric bands is shown 
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schematically (Fig. 27). Individual bands are seldom thicker than 
a few hundred microns, but the symmetric groups of bands are often 
over 1 cm wide. The mineraiogy and chemistry of ail the bands tnat 
have been studied suggest three main band types: 

Tee) Peale slowsCa 

2. Tuffaceous 

3. Calcareous 

From the evidence presented earlier concerning the pre-metamorphic 
nature of this rock, it is proposed that of these bands the ‘tuffaceous' 
and calcareous are original and the 'siliceous' (which usually separate 
the former two) are the product of diffusion reactions between the two. 
In other words, this rock is predominantiy a ‘diffusion’ skarn. 


Sample SX 9.14 (Fig. 28) was investigated in some detail. The 
albite-epidcte-quartz assemblage is presumed to represent the site of 
a tuff and the various central bands are thought to represent the 
diffusion raction products between this and a (siliceous?) limestone 
band. 

The hastingsite was analysed by C.R. Ramsay, using the electron 
microprobe at the University of Alberta (Table 3). It can be seen 
that the amphibole is a typical ferrohastingsite. The analysis is 
closely similar to that of a hastinasite from an amphibolite skarn 
in Russia (Leake, 1968: Analysis 916). 

Optically the garnet is a green/yellow andradite/grossular 


with corroded cores and some corroded rings. Alteration is to an 


epidote, chlorite, quartztcarbonate assemblage (Plate 4.1). Under 


oe te : 4 ium 


Paget a: in 
fenpkt acta trt taz wre bre tot rn Sid ory) —o 7 
@otte B16 bined $s nquong phase rea au ssa staue fae | 
sans wired ort [te to ali 5 te wpotursnte aT i a ie 
. remy wad ‘afin salt ‘Seong “patbube on ove i 
Pts see Bae emilee | 


7 . 
ue hie 
ma 


any 


: iv 7 ’ i = ; ute i tim 
Ss 4 as ny! D aon 5 e 
e+ : : i Ox >a ae. { 
bi bio-aar ade-geteeone, “eeTane padnoeorg! cama Wo ont vane . ie 7 


Ee ow =i ey 7 
a. 

* aunadg Ted" iy to daite been wie et IT «001 ent oe 
eu Ae 'epouse tie 1 in bas Taotoito 28 cuoarsoh 03: br . 


seaiaer end Vireo il SeyPES Fo seal sin ony os (a tor oh a 


io 
Hiwobavg et door etd 2 | 


Tied mse oF give tammy’ eink (6S GPA RE. 8.12 ii 2 
F -_ 

“ey - eve #t aga mseee so0 pesto sor the 
vy oe a . ; beg f, 4 lane? nip, uote a3 bane eid 
=” S 4 aa 
Ht (Tovowsrste) 6 ban eivis needed z7>ubion mottaew nc haute 
‘ js oe ee a ie S - bat 

» _— oe - . > va 
qovtses Sd} gnbaw ,yeera® 2.2 yt | boRY, ane ns ie A pT: 
wane od aa 42) «TK ofdet) ot {yagi ato al baile _ abel 


£ 


e* as 
2; ej2y) ilie | nT be, ~~ A | f 3 pit oT roa tga LaNe 


ahs 
svid? a2 fod! Aas i en od tapnht ent a 


= : ‘ - as FOR 8 a we ag sof. - ' 
, as fA : 
nblyea aihagyeetns ig tox\natag, ce t 
: Mien ; . : y 
ns af | tx8d tA ee be rine ver ye 14 ai = if ry i 


ane 


ssa Ahh ® Ps) 4“ an. reine ra ‘stenod "1 “| was 
em 7° 


107 


A = Al, (Na0+K,0) 


Cex) 


F = feO+MgOsMnO 


Tuff 
Limestone 
Ab-Ep-Qtz 
>} Hastingsite 


L] He Ee] 


Diffusion 
+ Fe? wo Garnet 
wl Epidote-rich 
ca Marble 
ZA CO; Qtz-Ep 
Peay 4 
Infiltration Po Magnetite 
Fea Sulphide 


Figure 27. Schematic Mineralogy of some metamorphic bands in the 
Meta-calcargillite: an ACF Diagram and proposed 
mechanisms for development of these bands. 
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Oxide % Structural Formula on the basis of 
23 Oxygen Atoms. 


$0, 40.12 Si 6.50 
Ti0, 0.598 beaded 2 Se 
A104 9.819 _ Senile de 
Fed, 29.870 aie 0.38 
MnO 0.265 Ti 0.07 
MgO 2.274 Fe 4.05 
Cad II .29] Mn 0.04 
Na,0 0.722 Mg 0.55 
K,0 3 as es 5.09 
Total JOe11e Ca 1.96 
Na 0.23 
cel ad tne psi 
2.85 


Table 3. Electron Microprobe Analysis of the Amphibole in 
sample SX9.1I5. 
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crossed nicols (Plate 4:2) the garnet can be seen to be strongly zoned. 
and fairly strongly anisotropic - both common properties of skarn 
garnets, but rarely seen so clearly. One of these garnets was 
investigated by S.R. Winzer, using the electron microprobe, and from 
qualitative results and X-ray scanriing photographs it was found that 
the zoning was caused simply by variations in the andradite:grossular 
ratio. Essentially, the core zones are grossular and the surrounding 
rings become successively enriched in Fe and depleted in Al until a 
thin outer rim is approximately 80% andradite, 20% grossular (a bulk 
composition is estimated to be about 50-50). There is virtually no 
titanium in the garnet. 

Let us consider the reactions. Figure 28 shows comparisons of 
the analyses for the ‘average andesite tuff’ in the Camsel! River area, 
the hastingsite, an average grossular/andradite garnet, and a slightly 
Siliceous limestone. Each of these compositions is aiso shown on an 
ACF diagram (Fig. 27). Both these diagrams show quite clearly the 
feasibility of a limestone:tuff diffusion metasomatic reaction as a 
mechanism for the development of the banding. There is a problem, 
however, in the iron contents of both garnet and amphibole. The 
garnet is zoned essentially from aluminous at the centre, to iron-rich 
at the margins, indicating a progressive increase in the availability 
of iron over aluminium. In the model the availability of calcium is 
buffered by the presence of limestone and must be a constant. 
Consequently, it is proposed that towards the end of the main 


diffusion reactions, the first infiltrations of iron-rich solutions 
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Figure 28. Analyses of Tuff, Siliceous Limestone, Hastingsite 
and Garnet, and a plot showing the variations of 
Major Element Oxides between these. 
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from the magma began to react with the earlier-formed minerals. 
Hastingsite, epidote and the rims of the garnets probably grew at 
this time. Continuing infiltration and cooling produced the 
retrograde effects in these bands. 

At some late stage during the cooling of the magma, after all 
_ the silicate-forming diffusion and infiltration reactions were 
'frozen', magnetite was introduced, preferentially replacing the 
chlorite and amphibole-ricn bands. Small lenses and pods of banded 
magnetite, epidote, garnet, quartz, carbonate rock are common in the 
calcargillite horizon. Pegmatitic magnetite-apatite-amphibole bodies 
are also found in the aureoles of the intermediate plutons and may be 
related to this skarn phase (see Part II). Magnetite metacrysts in 
the banded rocks are often colour-zoned (Plate 14.1). Electron 
microprobe investigations Showed that this zonation is not chemical. 

Subsequent to the formation of magnetite, sulphides were | 
introduced and preferentially replaced the carbonate-rich bands. 
Marcasite, followed by pyrite and then chalcopyrite with minor amounts 
of aalena and sphalerite, form some economically interesting 
copper skarns; notably in the Terra Mine. The introduction of piece 
Sulphides seems to correspond with the late-stage hydrothermal 
effects of the cooling plutons: effects which also mineralised the 
margins of some of the plutons. 

A schematic model for the development of the diffusion-infiltration 
Skarn is shown in Figure 27. Skarn-generation models that involve 


only the reaction of magmatic silicate flujds and carbonate rock do 


«Teevanttes bonnot 19 m6 ase men 8 


prune at De ile 
eft banubord hit 


pee ae von mt 
aL 
7 re 


He nite Bmp ait ‘to ant fom oie gative oer? stot sanz 2h 
aH, snort 3sar ‘ok as30 tna no? aut introns 
sbepubangat 26W er tsonpeM Ded f 
vig} 1-sfod Fam bis en 
.FonsR eatodtqa ante 
Prort stitial 


” oft prtoalqy ui teldworsto7g 


bsbnad 40 ehon bis esaaal [Tame brid - 


afld at fess os 0 sdenodhs9 ery 


oh 


» 
2 


asthod ofadtngne- -29 t3nqs-5t 980860 setHomST -H0s 
In ote thannadal arid 10 estuaius orld at bro? ile © 


nt ateqrouten na hsonaiM Gl at ase) ani made ett cope ana 


ALM e321) banes- twofda nsdto “ elsot ‘babnsd 9 t 


qd yan bi enag i ; 


norsoot 
: air guid pewona “ano sapi2esvat scogrro la 


Teatigais 20 a not }eNo: 
ar tiacean Yo potseario? and o2 snoupeeth? 


i 
- 
f? 
nt 


: 


ee sybt gta 
oso sae baostger, “i fatsaerstarg one bsaubord 


 abired Hais~92 ati 


ssauoais x08! ivi st rygoor at ‘nail bis stinva xd boat tet ait 26a 


piisaeneent ‘qt isataona22 “sume error. .ad trafenge bite onal ae 


aeond 70 nok tawbors nl oat anit 
fenapdauvbud sosdauetet oid Aah bnon 

ona boxt Taal wets tot ats0ts renatuta pat Toor oft 70 399T7 

| manu, of 10 amoz debs tose 


évnaT ort at efdadon semode a 
perme 98 2onee vabi yf 


ole ae 1 na oa i ioe 


Bodh 
rh 


not apply in this situation for a number of reasons. 

1. The original banding can be seen to be 'blanketed' by new 
mineral bands. 

2. There is no sign of endoskarn (reaction of the displaced 
calcium from the limestone with the magma) in the nearby intrusions. 

3. The zoning of garnets and the whole paragenesis indicates a 
progressive increase in the availability of iron. 

4, The banding remains bed-parallel. 
That the reaction between tuff and limestone can produce the observed 
mineral assemblage is demonstrated on the ACF diagram (Fig. 27). 
Brock (1972) has shown that similar reactions have occurred to form 
Skarns in banded limestone-pelite sequences close to an intrusive 
contact, and shows a remarkably simijar evolution from diffusion to 
infiltration skarn with a progressive increase in the amount of iron 
in the formation of these bodies. 

Vidale (1969) has demonstrated the viability of such reactions 
experimentally, and found that the critical control for the 


iL 


generation of monomineralic bands is the amount of pore-fluid: too 
little inhibited reaction .and too much resulted in development of 
cavities. As a consequence, it is proposed that the infiitration 
Skarns developed in the aureoles of the piutons where the pore-fluid 
was somehow concentrated to an amount required for reaction. However, 
Similar results might be expected if the ratio of carbon-bearing 


species (CO,, CHa, etc.) to pore-fluid varied. In other words, C0, 


'sinks' could equally well have controlled skarn development. Where 
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the correct pore-fluid, etc. concentrations were not reached, the 
Skarn reactions did not take place. Pore-fluid ‘sinks' might be 
faults, breccias, beds capped by impermeable rock, etc. AS yet 
mapping has not been detailed enough to show any obvious control 
for the location of skarns in this area. 

It is of interest to note that remarkabiy similar calc- 
Silicate skarns, which were progressively replaced first by magnetite 
and then by sulphides, are developed around the margins of thea 
Fubilan stock in Papua (Bamford, 1972) - a stock which is the host 


of the Mount Fubilan porphyry copper deposit. 
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1. INTRODUCTION 


The geological evolution of the Camsell River area has been 
documented in some detail. There are many types of potentially 
economic mineralisation in the area, including iron oxide-apatite 
bodies, sulphide skarns, potential porphyry copper bodies, and 
varied hydrothermal vein mineralisation. 

In Part Il each of these deposits is described and attempts are 
made to relate them to a unified concept of the total evolution of 
the area. As part of sucn studies analytical data have been obtained 
via ootical, diffractometric and electron microprobe techniques. The 
details of the analytical procedures and corrections applied are 
given in Appendix IT. 

Oxygen and carbon isotopes were extracted from vein carbonates 
and were analysed at the University of Alberta. The corrected results 
are presented as 6048 and 6C!3 values where: 


C13/C!2 sample 
(—----nn +7) x 108 


éC13 per mil 
Ci3/c!2 standard 


018/916 sample 
(—-——__—_-—- -]) x 108 


018/016 standard 


and 6018 per mil 


6C13 is reported against the PDB standard, and 60!8 against the SMOW 
standard. Details of analytical procedures, corrections and errors 


are reported in Appendix III. 
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The sulphur from skarn and vein sulphides was originally 
extracted at the University of Alberta. A temporary lack of analytical 
facilities caused abandonment of the project until Dr. B.W. Robinson 
kindly analysed the samples at the D.S.I.R., Lower Hutt, New Zealand. 
The corrections, errors and analytical procedures are reported in 
Appendix IV. The results are presented in sS%*values where: 


S34/S32 sample | 
éS3* per mil = (—————--—--——_ +1) -x 10° 


§34/S32 standard 
and are quoted relative to the troilite phase of the Canon Diablo 
meteorite, which. by definition, has a 6S°* value of 0 per mil. 
Analyses for trace elements in the host-recks are reported here, 


but details of analytical techniques are given in Appendix I. 
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2. MAGNETITE-APATITE-ACTINOLITE INTRUSIONS AND RELATED BODIES 


Many authors who have worked in the Great Bear Batholith have 
recognised the metasomatic nature of the alteration around the early, 
intermediate plutons (see in particular, furnival, 1939b). The 
elements involved include Fe (Al?) Si, P, B, F, (C1?), Ti, S and base 
metals, and the metasomatism is manifested in the formation of 
tourmaline, scapolite, magnetite, apatite, actinolite and sulphides. 
These minerals are recognised replacing country rocks (Kidd, 1932) - 
often selectively along certain beds (Robinson, 1933) - as lenses 
(Kidd, 1936), as veins (Furnival, 1939a, b; Robinson, 1971) and as 
plugs (Badham, 1972). The metasomatic minerals were developed after 
the thermal peak of contact metamorphism, during the waning stages 
of cooling of the pluton, and a continuum of minerals and events 
documents this cooling. 

Although small specks of tourmaline were noted in a number of 
contact aureoles, the best evidence of boron metasomatism comes from 
a vein at Balachey Lake. Here a 10 m wide NE-striking dyke consists 
of biack tourmaline that has been brecciated by hydrothermal quartz- 
~carbonate veining, with which considerable pyrite was introduced 
(Plate 3.6). The vein is emplaced in a fault whose dextral movement 
post-dates the tourmaline and is probably coeval with the quartz- 
-carbonate veining. The composition of the tourmaline is not known, 
but is presumed to be schorlitic from its optical characteristics. 


Scapolite is not common, but is ubiquitous in the contact aureoles. 
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{ts composition is unknown, but may generally be taken to contain F 
and Cl (Shaw, 1960) and hence its presence may be taken to indicate 
metasomatic migration of these elements. 

There is a plug and replacement zone of magnetite-apatite- 
-actinolite close to the Terra Mine (Fig. 7). In the field both 
intrusive and replacive reiations are clearly visible. It can be 
seen (Fig. 29) that the plug consists of a lensoid core which intrudes 
volcanic rocks at its western end, but which fades out into a long, 
replacive 'tail' to the east. Much of the plug consists of fine-grained 
intergrowths of magnetite (60-70%) and apatite. The contacts are 
sharp and slightly chilled and there are numerous anoular xenoliths 
(Plate 12.5). Metamorphism at the contacts cannot be distinguished 
from the hornblende-hornfeis facies aureole within which this plug 
outcrops. The plug is cut by veinlets of coarser, fractured magnetite 
and apatite (Plate 12.6), and by thin pegmatitic seams of magnetite, 
apatite and actinolite, which post-date the fractured veinlets (Plates 
13.2 and 13.4). In places the plug is flow-banded, forming apparent 
sequential 'beds' of magnetite and apatite (Plate 13.1). The plug 
is cross-cut by a quartz-porphyry dyke (Plate 3.3). by small faults 
(Fig. 29), and by small quartz-carbonate veins containing haematite. 
All these features are cut by a diabase dyke which is considerably 
younger. The age relations of the magnetite and altered dykes 
(Fig. 29) are equivocal. 

The plug intrudes the calcargillite horizon, but this is split 


up and thin here, and by the western end of the plug's core, most of 
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the host-rocks are volcanic breccias and tuffs. jhe rocks are 
contorted into small, open folds by the intrusion. 

Towards its replacive extremity, the magnetite is arbitrarily 
divided into zones of strong and weak replacement (Fig. 29). The 
magnetite-apatite preferentially replaced first calcargillite fragments 
in a breccia, and then the breccia matrix. This matrix replacement 
may be so strong as to make unreplaced breccia fragments appear to 
be xenoliths. In zones of weak replacement there are magnetite-apatite 
veins cutting the rocks, with patches of nebulous replacement emanating 
from them. Even where the breccia matrix is scarcely replaced at all, 
if there is a calcargillite fragment in the vreccia it will be at 
least partially replaced. At first it was thought that these fragments 
indicated early brecciation of the magnetite body, but careful studies 
always revealed minute veinlets connecting the replaced calcargillite 
fragment to a magnetite vein. Where pegmatitic magnetite~apatite- 
-~actinolite veins cut tne replacement zones they are always younger 
than the main replacement phase. Where magnetite veining is quite 
intense, surrounded biocks of country rock appear to have 'floated' 
and have been slightly rotated; their edges are slightly deformed. 

Thin and polished section studies confirm the existence of two 
generations of magnetite (Plates 13.2, 13.3, 13.5 and 13.6). Large 
phenocrysts of apatite and magnetite are badly fractured and contained 
in a matrix of fine-grained, intergrown magnetite and apatite. The 
phenocrysts make up some 60% of the rock and it is concluded that 


the rock was intruded to its present level as a crystal mush. The 
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remaining liquid crystailised as a matrix, and occasional pulses of 
this formed the pegmatitic lenses and veins. 

Minerals identified in the intrusion include magnetite, apatite 
actinolite, quartz, carbonates, haematite, goethite, chalcopyrite and 
chiorite. The haematite, chlorite and goethite are alteration 
products produced during or after post-crystallisation carbonate-quartz 
veining. These younger veins also contain sparse chalcopyrite. A 
paragenesis is shown in Figure 30. 

Studies by undergraduate students of Dr. R2.D. Morton have 
indicated that the magnetite nas a very low content of Ti and VY, and 
has an ‘a'-cell parameter of 8.389A compared with 8.396A for a 'pure' 
magnetite. XRF and wet chemical work indicate an average V content 
of 06.12% + 0.03% and an average Ti content of 0.55%.+ 0.03%. The 
apatite has been shown, from X-ray diffraction studies, to be 
fluorine-rich with an average fluorine-to-chlorine ratio of 0.867 to 
O13 (RD, Morton, Pers. Comms, 1972). 

The magnetite and apatite were investigated qualitatively using 
the electron microprobe. It was found that the phenocryst and matrix 
minerals were chemically identical. The magnetites, as indicated by 
the preliminary studies, contain very iow amounts of Ti, VY and Mn, 
with no other elements detected. The apatites contain considerable 
amounts of F, little Cl, trace amounts of Y and Ce and even smaller 
traces of Rb, Ba, Th and Zr. Such results are analagous to those of 
Parak (1973), who noted that Y, Ce and La are common in apatites from 


the Kiruna deposits, and found that they are often concentrated in 
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Figure 30. Paragenesis of the Magnetite Intrusions. 
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minute monazite inclusions. The actinolite was identified optically, 
and this was confirmed by XRD work. 

The Ti and V contents of the magnetite indicate low temperatures 
of crystallisation (Buddington and Lindsley, 1964; Lister, 1966), but 
absolute estimates of this temperature are impossible to make. 

The intrusion of the magnetite plug has had little effect on the 
country rocks and it must be concluded that these were at similar 
temperatures to the intrusion. In Part I it was estimated that the 
country rocks at this distance from the monzonite could have reached 
a maximum of 550° during metamorphism. It is assumed that the 
magnetite was intruded during or a little after this thermal peak 
and therefore must have been at a temperature of less than 600°C. 

Evidence nas been cited to show that the intrusion was 60% 
crystailine during emplacement. It is presumed, therefore, that the 
remaining liquid was rich in volatiles, allowing it to remain liquid 
at fess than 600°C. The extent of replacement around tne intrusive 
core is evidence of the high content of volatiles. The quartz- 
porphyry dyke, intruded soon after the emplacement of the magnetite, 
is strongly chilled at the margins, indicating that the plug had 
cooled quickly before the waning effects of the crystallising 
monzonite were manifested. 

Consequently there existed, very close in time and space, two 
radically different magmas - the magnetite-apatite-actinolite and the 
monzonite. It is of importance to remember the following points: 


1. The Mt:Ap ratio is about 2:1 in the main plug. 
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2. The monzonite was the source for many of the elements in 

the skarn. 

3. The monzonite is strongly altered near its margins, which 

are rich in apatite. 

4, The Ap-Act pegmatite dykes are associated with the 

magnetite intrusion, 

5 alhesmonzonite,iSediKahi=nien (lablemn SX 2ei): 

Phillpotts (1967) proposed that a 2:] magnetite:apatite mixture 
forms a eutectic in the system magnetite-fluorapatite, and indicated 
that such a eutectic is immiscible with alkaline, intermediate 
igneous melts. He concluded that the magnetite-apatite fraction 
formed an immiscible liquid wnicn separated from a differentiating 
parent magma, leaving an alkaline intermediate melt. Such an 
hypothesis explains the observed time relations at Terra, and it is 
proposed that such a mechanism operated. Indeed, Phillpotts notes 
tnat "mixtures of magnetite, diorite and apatite containing apatite 
in excess of 30% form three immiscible liquids on melting: an 
epatite-rich one, a magnetite-apatite melt and a silicate melt". Here 
then, is a possible source for the apatite in the marain of the Terra 
monzonite. 

The magnetite-apatite-actinolite lenses at Jason Bay (Fig. 29) 
are a little different. There are essentially three lenses, but each 
is surrounded by a zone of haematitisation. Small lenses of pyrite 
are very common. The lenses are ali parallel to the bedding and there 


are numerous amphibole veinlets near them, also conformable to bedding. 
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Lens 4.8 is 60 m by 4m in size. Actinolite crystals up to 
15 cm long grow perpendicularly in from a very sharp contact (Plate 
12.4). The central zone is made up of pegmatitic magnetite, apatite 
and actinolite with interstitial patches of younger quartz, carbonate 
and pyrite. The magnetite is almost completely altered to haematite. 
The country rocks are in the upper albite-epidote facies, but the lens 
has had no noticeable effect on them. Lens 4.9 is similar but smaller 
(10 m x 1 m), and is surrounded by other much smaller lenses. The 
amphibole veinlets are all pegmatitic and have crystals grown at 
rignt angles to the walls. 

Lens 4.12 is more complicated as it has been cut by a diabase 
dyke. There are a number of pods, veins and lenses of pegmatitic 
actinolite containing apatite and magnetite, and quartz, carbonate 
and sulphides. The affected zone is 200 m by 20 m in size. Adjacent 
to the diabase the pegmatitic material has been recrystallised making 
it appear, perhaps, as if the diabase were the parent. 

Thin and polished section and electron microprobe studies of the 
Jason Bay lenses reveal a similar paragenesis to that at Terra, but 
the proportion of actinolite is much greater and the alteration much 
more intense. Again, the alteration is considered to be related to 
the quartz-carbonate-sulphide event (Fig. 30). 

The magnetite is extremely altered everywhere. Usually it has 
formed haematite, but the large number of exsolved lamellae of ilmenite 
testify to an initially high Ti content (Plates 13.7, 13.8 and 14.4). 


In places this ilmenite:haematite:magnetite mixture has been further 
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altered by reaction with silica and lime to form highly complex 
intergrowths of rutile and sphene (Plates 14.2 and 14.3), and this 
appears to have been coeval with the introduction of pyrite and 
chalcopyrite. 

The 6S°* value for the sulphur in this chalcopyrite is 4.2+0.1%, 
(NK 4.12: Appendix IV) and may be compared with values of 2.1%. and 
2.2% for pyrite from similar amphibole:magnetite veins at Echo Bay 
(Robinson, 1971). The value is not distinguishable from those of the 
sulphur in the skarns and disseminations. 

Other simiiar bodies not studied in detail include: 

1. Bi-Mt-Act-Pyt ‘skarn', haif a kilometre to the east of 

the Silver Bay Mine. 

2. Mt-Ap-Act veins on the south shore of the Camsell River, 

due north of the Norex Mine. 

3. Mt-Act-Pyt-Cp disseminations in tuffs on the mainland, 

east of Trish [sland. 

4. Mt-Ap-Act veins and breccia cement (or matrix replacement), 

half a kilometre north of Seahorse Lake. 

It is concluded that there is a continuum in these events from a 
purely magmatic (Terra) to infiltrative 'sweat' concentrations. The 
Jason Bay lenses may represent the top of an intrusion similar to that 
at Terra. Indeed, in the 'U' between the two lobes of plutons, and 
extending as far north as Pole Bay, there is a strona magnetic anomaly 
that is consistently greater than 3000 y and often greater tian 5000 y, 


compared with an average background of 2800-3000 y over much of the 
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area (unpublished information from D.1.A.N.D., Yellowknife). 

It is also concluded that these bodies are derived from the parent 
magma of the early plutons, and that the continuum above represents the 
range in derivative process, from immiscibility with, to infiltration 
from the magma. Kidd and Haycock (1935) and Furnival (1939a, b) have 
reached similar conclusions for similar bodies in other areas. 

Robinson (1971) also reached similar conclusions from the field 
relations for magnetite-actinolite veins near Echo Bay, but obtained 
K-Ar ages of 1435, 1370 and 1415 m.y. (all +60 m.y.) for the amphiboles 
in these. Consequently, he concluded that the veins were related to, 
and derived from the diabase sill at Echo Bay. Since the diabases 
caused updating (U-Pb) of the mineralised veins, it is presumed that 
the effects on the K-Ar system in the magnetite-actinolite veins may 
have been similar. 

These magnetite bodies occur only in the western complexes and 
have not been observed anywhere to the east (Hoffman, Pers. Comm., 1973). 
Park (1972), in an excellent review, noted that magnetite-haematite 
bodies of various types were "distributed throughout the highly-deformed 
rocks bordering the Pacific Ocean basin". Included in these bodies are 
pyrometasomatic deposits and apatite-amphibole-magnetite intrusions, 
and descriptions of these are indistinguishable from those of the 
Camsell River bodies. Park emphasises the association of these bodies 
witn intermediate, calcalkaline magmatic activity in continent-margin 
orogenic belts, and concludes that it is typical of this environment, 


and possibly even diagnostic. This data is thus considered further 
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strong evidence in support of the geotectonic evolution of the 


Great Bear Batholith, proposed in Part I. 
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3. SULPHIDE MINERALISATION 


High-ievel, intermediate, porphyritic stocks in orogenic regions 
very commonly contain ‘porphyry Cu-Mo' mineralisation. The model 
presented by Stanton (1972) for the development of porphyry 
mineralisation, presumes that the ore-minerals concentrate in the 
upper portions of an intrusive and in the adjacent host-rocks. When 
the ore-fluid is restricted to the intrusion, it forms deposits in 
hydrothermally altered and fractured, chilled rock. If the post-~ 
-chilling fracturing is intense enough, the ore-bearing fluids niay 
migrate completely into the adjacent host-rocks and replace suitable 
horizons. Such a mode! is used to explain the almost-ubiquitous 
presence of skarns around mineralised porphyry bodies (e.g. Bamford, 
1972). The mineralisation in these systems consists of pyrite and 
chalcopyrite, with lesser amounts of bornite, sphalerite, galena and 
molybdenite. Mineralised country rocks may also contain magnetite, 
pyrrhotite and marcasite. 

The early plutons of the Camsell River area fulfil all the 
requirements for porphyry-type mineralisation, i.e.: 

1. They range in composition from diorite to granodiorite. 

2. They were extremely hydrous, and were emplaced at shallow 

depths. 

3. Porphyritic phases are common. 

4, Late-stage fracturing and hydrothermal alteration were 


common. 
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5. Many contain veinlets rich in Fe and Cu sulphides. 

6. They are closely associated with calcalkaline orogenic 

volcanic rocks. 

7. They are not deeply eroded. 

Similar features have been described from other parts of the Great 
Bear Batholith (see especially: Furnival, 1935, concerning alteration 
of, and guartz and sulphide veining in intrusive margins). 

The best candidate for a 'porphyry-copper' body in the Camseil 
River area is a small, highly-complex porphyritic adamellite- 
-granodiorite dyke, close to the Norex siiver property. It contains 
pyrite and chaicopyrite, both as jenses at its contacts and in 
veinlets, and disseminated sphalerite and galena have been noted 
(Plate 11.1). The dimensions of the body are too small for economic 
interest. Other intrusions in the area contain sulphide-rich veinlets, 
or have chilled border-phases rich in sulphides. One of these, a mile 
to the southeast of the Terra Mine, has been drilled and was found to 
consist of pyrrnotite, pyrite and chalcopyrite in badly-sheared and 
hydrothermally-altered granodiorite. To date no even-renotely-economic 
porphyry-copper body has been found in the Great Bear Batholith, 
although prospecting interest is picking up and rumours of veinlets of 
molybdenite and chalcopyrite in porphyries have been heard. In the 
author's opinion, it is inevitable that a 'type' porphyry Cu-Mo body 
will be found in the area. Whether such a body would be mined cannot 


be foretold, but the dictates of economics at present make it unlikely. 


Far more common than porphyry-mineralisation are the sulphide 
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skarns and impregnations, and all those investigated can be related 
directly to the waning stages of contact metamorphism around the smaller 
intermediate stocks. These have been described from the Echo Bay 

area (Kidd and Haycock, 1935; Robinson, 1971), and Kidd and Haycock 
intimate that: 

1. The smaller intrusions are now exposed at a level very 

close to their original tops. 
2. Fracturing was initiated during the post-metamorphic 
(sensu stricto) hydrothermal alteration. 

Minerals of metasomatic origin have been recognised in many of 
these sulphide lodes, and include actinolite, scapolite, biotite, iron 
oxides, apatite and sphene, as well as the sulphides. In the Camsell 
River area, sulphide lenses and snpeeete vane outcrop to the west of 
Trish Island, on Nic Island, north of STapdaw Lake, on the Terra 
peninsula, near Seahorse Lake, Black Bear Lake, at Norex and Silver 
Bay, along the west side of Jason Bay and on the peninsula between 
Heath and Balachey Lakes. Where they occur in volcanic rocks, oxides, 
biotite and actinolite are predominant accessories. Scapolite and 
calcsilicates are more common in sedimentary rocks. All occur within 
at least the albite-epidote facies of the contact aureoles. 

The sulphide skarn at Terra has been worked on in most detail. 

It is the host to much of the younger vein mineralisation, although 
this relationship is thought to be for structural and chemical, and 
not genetic reasons. The skarn sulphides are almost totally restricted 


to the metacalcargillite horizon, and small lenses of pyrite and 
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chalcopyrite occur in many places along the outcrop of this bed (Fig. 
6). It is only in the Terra Mine, however, that the sulphides occur 
in economically interesting amounts. 

The simplified geology of the mine is shown in Figure 31, and it 
can be seen that the sulphide-rich horizons occur mainly as two lenses 
replacing parts of metacalcargillite beds. The lenses are bed-parallel 
and consist of a core or chalcopyrite and, commonly, a rim of pyrite. 
The sulphides selectively replace certain horizons and the resulting 
ore-bands are bed-parallel. Bands vary from a few millimetres to a 
few centimetres thick. Where the sulphide zones are transected by 
younger quartz-carbonate veins, the sulphides are remobilised into 
massive bands lining the veins. 

In polished section, the sulphides can be seen to replace the 
“quartz-carbonate-rich beds of the metacalcargillite preterent *al Py 
(Plate 5.3), although amphibole-bearing beds are often partially 
replaced. The mineralogy is simple and consists of marcasite, pyrite, 
chalcopyrite, sphalerite and galena. The paragenesis (Fig. 32) shows 
that the sulphides developed after the metasomatic silicates and oxides 
in the order: marcasite-pyrite-chalcopyrite and sphalerite-galena, 
but there is some overlap. Marcasite first formed as large euhedral 
crystals, very commonly containing remnant lameliae of carbonate or 
amphibole, forming a 'fingerprint' texture (Plates 5,1 and 5.3). The 
crystals are best developed in carbonate beds, and finger out into 
amphibole-rich beds. 


Pyrite, presumably formed from the marcasite, replaces the 
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Figure 32. Paragenesis of the Sulphide Skarn at Terra. 
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latter, and cross-cuts the fingerprints (Plates 5.1 and 5.3). 

Subsequent to this, chalcopyrite and sphalerite were introduced. 

The chalcopyrite replaced the earlier Fe-sulphides and often 

overlapped the original bands, replacing neighbouring silicate bands 

as well (Plate 5.2). The sphalerite, which is only a minor constituent, 
often replaced the 'fingerprints' in the marcasite, forming a marcasite- 
-sphalerite net (Plate 5.1). Sphalerite also replaced silicate 
minerals on the margins between chalcopyrite and silicate hands’ 

(Plate 5.2). Exsolution blebs of chalcopyrite are common in the 
sphalerite. Galena is found only as very small specks on the margins 


p23 


of the silicate bands. 
Ramdohr (1969) describes this ‘fingerprint' texture in detail 
and notes many cases (p. 597) where it occurs from the degradation of 


pyrrnotite to marcasite, pyrite and magnetite, thus: 


6 FeS + 205 = ord Fes, + Fe04 
No remnant pyrrhotite has been seen in Terra samples, but it is 
certainly common enough in the other skarn sulphide bodies. It is 
concluded that pyrrhotite was probably the first sulphide to form in 
the skarn. 

It was proposed earlier that the sulphides originated by 
infiltration from the cooiing monzonite, and that the first element 
to be expelled from the intrusion in significant amounts was iron, 


forming the Fe-rich silicates and, later, the oxides. As the Fe/S 
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ratio decreased, so pyrrhotite, followed by more S-rich sulphides 
would be expected to form. By the time the intrusion had cooled 
sufficiently to leave only hydrothermal solutions as the terminal 
fraction, copper and sulphur were the main constituents of these 
Solutions, and the supply of iron was nearly exhausted. 

An interesting sequence of remobilisation can be seen in the 
copper zones around the younger silver veins. The first noticeable 
effect is the recrystallisation of marcasite to form metablasts and 
cross-cutting veinlets, and this may occur up to some 5 m from the 
vein, At about &m, marcasite, pyrite and chalcopyrite veinlets form, 
cross-cutting the original bands and filling in the silicate-rich 
interstices. The chalcopyrite blebs in the sphalerite grow and join 


to form large crystals in the corroded host. By about 20 cm, the 


sulphide zone nas become massive and all the sulphides are recrystallised. 


Veinlets of one, or up to all five sulphides are common, but in the 
polymineralic examples each individual sulphide is in a single band 
(Plate 5.5). Impregnations of quartz and carbonate from the vein 
are intergrown with the sulphide veinlets. Tne sulphides are, 
nevertheless, sharply cross-cut by the veins, whose margins are always 
sheared. 

The sulphur isotope values for the skarn at Terra, and for other 
Sulphide impregnations in the area, are remarkably consistent (Table 
4) and range between values of 6S3* of 0.9% to 5.1%, with the 


grouping at Terra even tighter. These values compare closely with 


host-rock sulphide values for the Echo Bay area (Table 4), and it is 
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Table 4. Sulphur Isotope values for the Terra skarn Sulphides and 
comparisons with those of Sulphide Impreanations from other 
parts of the Camsell River Area, and from the Echo Bay Area. 


. . nees 
Sample Location Mineral O35 ace 
(CDT) 
HS A Terra Primary skarn; Marcasite. 4 .0+0 
(ees Terra Primary skarn; Marcasite. 7+0 


Recrystallised marcasite Im from vein 


tl it tt 


chalcopyrite 
Chalcopyrite on edge of vein 


CO Co)” Con Co eos IS CO 
. . ° ae ° e ry 
i-- 
oS 


n1Ge2o = Lerra Recrystallised chalcopyrite 140 
‘ marcasite L+ 

(Oey Terra Primary skarn; Chalcopyrite. 7+£0 

‘: Marcasite. 0.9+0 

LE Vane Terra Chalcopyrite on vein margin. aia 

Aivl Terra Chaicopyrite on vein margin. 0+0 


Marcasite 


SS 
a 
eS) 
i a — nH — ke Ro NM Ke — —_— = ine) 20 


Ci COMIN = oo 
~~ 
|4+- 
(aD) 


Al.5 Terra Chalcopyrite lm from vein 2+0 
TM24.2 Terra Pyrite in banded tuffs. 1+0 
TW1is2D interra Chalcopyrite in silicified tuff Aw0sel 
TX24.7 Terra Pyrite in banded tuffs. S25206 1 
NK18.17B Balachey L Pyrite in andesite. 4,240.2 
NK4.12 Jason Bay Chalcopyrite in Mt-Ap-Act pegmatite 4.2+0.1 
St Echoabay OPP yrite ine turf 4.8 

S2 Echo Bay Pyrite in andesite 2) 

$3 Echo Bay Pyrite in tuff 2.4 

S4 Echo Bay Pyrite in tuff 4.2 

S7 Echo Bay Pyrite in breccia 4.2 

$8 Echo Bay Pyrite in agglomerate 6.2 

S9 Echo Bay Pyrite in tuff eee 

S11 Echo Bay Pyrite in Mt-Amphibole veins 204. 

gic Echo Bay Pyrite in Mt-Amphibole veins ard 

$56 Terra Primary skarn; Galena Dae 

ae Terra Primary skarn; Chalcopyrite ge 

S60 Terra Primary skarn; Pyrite Sak 

50 Le Terra Primary skarn; Chalcopyrite aed 


All 'S' samples are from Robinson (1971). 
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Suggested that this is primary magmatic sulphur. Ideally, magmatic 
sulphurs should have values close to zero per mil, but Thode and 
Gross (1968) quote values of 6S°* around +4%, for ores associated 
with orogenic plutons, and Schneider (1970) proposes a model whereby 
increasingly positive sulphur isotope values might be expected with 
increasing oxidation potential (and PH.0) and increasing alkalinity 
of the magma. Thus, as the Camsell River plutons were wet, sub-alkaline 
and orogenic, it is concluded that the above isotope values indicate 
a primary magmatic origin for the sulphur. Such an origin is 
compatible with the suggestion that the components of the skarns were 
derived from the plutons. 

it is of interest to note that the sulphur isotope values remain 
unchanged even where the sulphides have been remobilised by younger 
veins. The isotopic values show that neither the primary nor the 
recrystallised sulphides are in equilibrium with each other. 
Consequently, attempts to estimate temperatures of crystailisation 
from mineral pairs are futile. 

Further attempts to note differences between the primary and 
recrystallised sulpnides were made with the electron microprobe. {[t 
might be expected that, during recrystallisation, sulphides could be 
'flushed' clean of trace elements and would become more ‘ideally 
stoichiometric’. 

Primary and remobilised chalcopyrite, pyrite and marcasite were 
analysed for Zn, Co, Ni, As, Ag and Se, and sphalerite was analysed 


for Fe and Cu in addition. Zinc was found in measureable quantities 
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in the chalcopyrites (Table 5) but no differences between the two 
types were seen. The Fe-content of the sphalerites is high (Table 6) 
but again does not vary. The Cu-content of sphalerites was found to 
be patchy and to vary sympathetically with iron and antipathetically 
with zinc. Since the sphalerites contain visible exsolution blebs of 
chalcopyrite, it is concluded that these small Cu-Fe-rich patches are 
sub-microscopic exsolution blebs, also of chalcopyrite. According 

to Park and McDiarmid (1970), such exsolution indicates temperatures 
of formation in excess of 350°C. The total free Fe-content of 

the sphalerites was calculated after removing enough iron to balance 
the 1.70 mole % of copper. It was found to be 6.64% of FeS and this 
appears to be uniformly distributed in the sphalerite. Application of 
the sphalerite geothermometer (Barton and Skinner, 1967) is impracticable 
because of the lack of data on the absolute sulphur fugacity during 
the formation of the sphalerite. 

None of the other trace elements mentioned was detected in any of 
the sulphides. In conclusion, there appears to be no chemical change 
accompanying the recrystallisation of the primary sulphides. 

Estimates made by the author in 1970 predicted a total tonnage of 
64,000 short tons of mineralisation at 2% Cu to the base of the second 
level. Mining has now continued to a third level, but it is not known 
if the copper zones have been found at that depth. The controls of 
the mineralisation are not certain, other than that the calcaraillite 
acts as a host. Presumably pore-fluid concentrations at the time of 


the first skarn formation are important, as was discussed in Part [:8. 
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Table 5 ZINC CONTENTS OF PRIMARY AND RECRYSTALLISED SULPHIDES 


Sampie Mineral No. Analyses Pk-Bg 
Counts/Sec. 

TU24.2 Primary Marcasite 5 0 

Chalcopyrite 5 61.0 
TM20 .9 ts Marcasite 5 0 

: Pyrite 5 oh ah 

Chalcopyrite 5 5/0 
TM24.1 : Pyrite 5 0 

1 Chalcopyrite é n677 
TMLO.1IB Recrystallised Chalcopyrite 5 69.5 
TUXO02.1 "8 5 Soe 


The concentrations are so low that corrections for Atomic Number, 
Fluorescence and Absorption were not made. 


Apparent Zn concentration Primary Chalcopyrite = 0.134 wt.%. 
Apparent Zn concentration in recrystallised Chalcopyrite = 0.113 wt.%. 


Table 6 ANALYSES OF SPHALERITES 
SampiessiMcd;o. TUls 1, TUca 2 


The values are closely simitar and are fully corrected using 
Probedata ( Smith and Tomlinson, 1970). 
Totals are corrected to 100%. 


Cu= 2.26 wt.%. Zn= 58.30 wt.%. Fe= 5.52 wta. S= 33,92 WL.e. 
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4, A MODEL OF THE COOLING PLUTONS 


The perphyry dykes, magnetite-apatite bodies, tourmaline veins, 
and oxide and sulphide skarns are thus seen as part of a continuum 
in response to the intrusion of the plutons (Fig. 33). The plutons 
were sud-alkaline and wet, and were emplaced at high levels in the 
crust during orogeny. As sucn they may have been the sources of 
immiscible fractions, wnich separated at depth and formed individual 
intrusions - such as the magnetite-apatite-amphibolite bodies. 
During their final emplacement, the plutons began to de-gas. Misfit 
elements, such as P, B, Cl and F, were then fixed in apatite, tourmaline 
and scapolite, both in the intrusive margins and in the recrystaliising 
country rocks. Excess iron was expelled from the intrusions. This 
was taken up first by tne silicates, forming Fe-rich rims and phases, 
but, as temperatures declined, the silicate reactions were arrested 
and Fe-oxides were formed. These were precipitated either as 
replacements of suitable hosts, or in magnetite-apatite-actionlite 
pegmatites. As the cooling continued, the sulphur and base-metal 
concentration rose in the remnant fluids. At first sulphur combined 
with the remnant iron, forming first pyrrhotite and, as [Fe] decreased, 
pyrite. Finally the Fe-sulphides were replaced by chalcopyrite, 
Sphalerite and galena. These processes were taking place around the 
early plutons and, while the time involved can only be guessed at, 
it is probable that the sulphides were emplaced prior to, or during 


the period of intrusion of the late granite batholiths. 
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Intrusion of 
Plutons 


Mt-Apn-Act 
Intrusion 


Porphyry 
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Silicate 
Reactions 
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a a 
800° 400° O=¢ 
Figure 33. Paragenesis of events forming skarns around the 


Early Plutons, with estimated Temperatures. 
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5. HYDROTHERMAL VEIN DEPOSITS 


a) Giant Quartz Veins and Associated Mineralisation 

The nature of the Giant Quartz Veins has been discussed 
extensively by Furnival (1935) and also in Part I. Mineralisation 
was found in three of these veins - at Echo Lake, Jason Bay and 
Uranium Point. 

At Echo Lake a 10-20 m wide quartz stockwork cuts the contact 
between dranite and metamorphosed felsic volcanic rocks. The veins 
Show three phases of quartz introduction separated by periods of 
Fault-movement. Tne sense of movement on the fault has not been 
documented, but from the geometrical considerations outlined earlier 
(Fig. 18), it is probably dextral. A small lens of uranium 
mineralisation was found in this vein in 1969. The lens was so 
small that subsequent trenching destroyed it. However, samples 
collected from the blastings showed that the third phase of quartz 
(clear and vugagy) contained interstitial rosettes of haematite, which 
in turn contained low amounts of a radioactive element - presumably 
uranium. No primary uranium minerals were seen, but a few grains of 
a yellow ‘uranium bloom' (bequelierite?) were noted. Polished sections 
have not been made, due to a lack of suitable samples. 

A 5-10 m wide massive quartz vein outcrops in a NE~trending fault 
on both shores of Jason Bay. Two phases of quartz intrusion are 
recognised. The first is banded and milky, and the second coarse and 


vuggy. This second generation was deposited in thick bands parallel 
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to the vein margins, and in places is interbanded with Fe-rich 
dolomite and ankerite. Both quartz and carbonates get coarser towards 
the centre of the vein, and locally lenses of copper minerals and 
haematite are developed. The copper minerals are confined to the 
carbonates, which they replace, but are usually located at contacts 
with quartz. The copper mineral was originally bornite, but this 

has been strongly altered to chalcopyrite, which occurs both as rims 
around, and as exsolution lamellae in the bornite (Plate 5.7). Small 
veinlets of chalcocite and, rarely, covellite are seen in the 
chalcopyrite and occasionally cross-cut into the bornite. These 


textures are typical of the degradation of bornite, thus: 


CupFes a te Sa t= CuFes. +2) CUS: oh Cus 


Haematite, occurring as rosettes in the quartz and bands of plates 
and needles in the carbonates, cuts all these copper minerals. No 
radioactive minerals were detected. 

East of Uranium Point a 30 m wide quartz stockwork contains 
massive quartz that was brecciated and cemented by banded, miiky quartz, 
and this in turn is locally replaced by blebs of pyrite and 
chalcopyrite. A thin branch of this vein runs NW through Uranium 
Point, where it is occupied by a younger diabase dyke, and the edges 
of this vein are full of haematite. The diorite which it cuts is 
extremely altered up to 20 m from the vein. Heavy impregnations of 


haematite in the diorite contain radioactive elements in small lenses. 
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No uranium minerals were recognised. 

Near Nic Island the Bloom Fault is occupied by a 50-100 m wide 
Giant Quartz Vein that contains all three phases of quartz. 
Chalcopyrite and pyrite were found in the third phase as blebs, but 
no haematite, carbonates or uranium minerals were seen. 

Consequently, a detailed paragenesis of the Giant Quartz Veins 
is as foliows: 

Phase 1. Growth of massive, white, quartz veins in dilatancies 
in the regional NE-trending faults. 

Phase 2. Brecciation of these veins and introduction of more 
quartz. Cementing of fragments by new quartz (banded and milky). 
Stockworks of quartz veinlets around the main vein. Silicic and other 
alteration in the veined country rocks. Introduction of some iron 
and copper sulphides. 

Phase 3. Further dilatancy developed in the veins. Fillings of 
clear, vuggy quartz. Tron-rich carbonates in later stages. Copper 
and uranium minerals and haematite introduced with the quartz. 

These descriptions are closely similar to those of other Giant 
Quartz Veins throughout the Bear Province (Kidd, 1932; Furnival, 1935: 
Smith, 1953). It is important to note that the veins cut all the 
Aphebian rocks of the Bear Province, but that the initial vein 
fillings were developed relatively soon after the end of the Aphebian 
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b) Barren Quartz-Carbonate Veins 

Podiform, banded veins of coarse amethystine quartz and pink 
and brown carbonates (calcite, dolomite and ankerite) are common 
throughout the area. They commonly fill NW- and NE-striking joints 
and microfaults, splaying from the larger faults. They also occupy 
the E-trending tension-fractures. They cut all rock types, but their 
thickness is lithologically controlled - tney are thin and sinuous in 
pDlutonic and massive volcanic rocks, but podiform in the tuffs and 
sedimentary rocks. The quartz and carbonates form thick bands with 
large crystals of quartz growing perpendicular to the vein margins. 
The carbonates are fine-grained and banded on the cutside and become 
coarser towards the centre. The vein-centres are often vuggy. Flakes- 
and specks of haematite and chalcopyrite are locally conmon. The 
edges of the veins are chloritised, and the surrounding rocks are 
altered for a few centimetres on either side. These veins are 
cross-cut by the youngest diabases and are probably related to the 
youngest phase of quartz-filling in the Giant Quartz Veins. No fault 
movement has taken place since their formation. 

One rather unusual vein that appears to belong to this group fills 
an E-striking tension-fracture in tuffs near the outlet of Balachey 
Lake. It contains, in addition to the typical quartz and carbonate 
assemblage, pods of barite, which in turn contain bornite and 


chalcopyrite. 
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c) Quartz-Carbonate Veins Containing Silver, Bismuth and/or Arsenides 

These veins occupy second and third-order faults splaying from 
the major NE-tranding faults. Occasionally, however, they are 
emplaced in E-striking tension-fractures between the NE-trending faults. 
These splay-faults are usually vertical, but their orientations are 
extremely variable. [In plutonic and massive volcanic rocks they are 
Singie-plane shears, and veins in them are seldom more than 5 cm wide. 
These veins are filled with finely-banded carbonates and granular 
auartz, witn rare patcnes of chalcopyrite, fluorite, haematite, 
arsenopyrite and cobalt arsenides. The wall-rocks are haematitised 
anc chloritised for a few centimetres on either side. In bedded 
volcanic rocks the shears splay and horsetail, and their trends vary. 
Movements were taken up on a number of planes, and as a consequence 
dilatant zones were developed. These dilatancies occur on all sca 
but their mode of formation is best seen on the microscale. 

Figure 34 shows three ways in which dilatancies may occur and 
these ideal casas are compared with examples. The principal modes of 
generation of dilatancy are: 

1. Between offset fractures. 

2. Between curved and refracted fractures. 

3. As tension gashes. 

4, At cross-fractures. 

The first of these requires that faulting be taken up on more 
than one plane - a condition that develops where the faults cut bedded 


volcanic rocks, plutonic contacts and sulphide-impregnated rocks. 
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The second and third require inhomogeneities in the faulted rocks 

- i.e. bedding, cross-faults or intrusive contacts, The first two 
require more than one period of movement on the faults. All these 
conditions can be seen to apply in the Camsell River area on outcrop 
Scale and can be deduced as applicable to the veins in the three 
mines. 

The 'silver' showings usually consist of one such dilatant poa 
in a thin carbonate vein and the structural controls of these are 
easily seen (Fig. 35). These mineralised pods seldom exceed 10 m in 
length and vary between 10 and 50 cm in width. 

The mineralised lenses are distinct from those in the barren 
veins in containing numerous brecciated fragments of wall-rock and in 
showing signs of more than one period of fault-movement. In the pods 
the carbonates become coarser and vugs may develop. The ore-minerals 
develop as thin sheets and replacement zones on brecciated wali-rock 
fragments, as blebs in the carbonates, and interstitially in rare, 
thin bands of ‘sugary' quartz. 

The mines are developed where there are a number of veins, each 
with a number of mineralised pods close together. Again the pods contain 
most of the mineralisation, together with numerous fragments of wali- 
-rock and earlier vein material. At least two, and often more periods 
of fault-movement can be proven. The area between main veins is 
extensively fractured and contains numerous carbonate 'stringers'. 
Between pods the veins are narrow (1-10 cm) and rarely mineralised. 


The pods may be as wide as 5 m, although 10-50 cm is more common. In 
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general the E-trending tension-fractures have become the most dilatant 


and the NE-trending faults and shears remain thinner, but more 


richly mineralised. 


The gangue minerals are usually quartz and carbonates, with 


fluorite common locally. The vein minerals consist of native metals 


and complex salts, mainly of the following elements: U, Ag, Bi, Ni, 
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is clear that mineralised veins are localised by: 

Intrusive contacts - since the intrusives are demonstrably 
older, this must be a structural control. 

The nost-rock. Competency is certainly important, but 
rock-chemistry may also be a controlling factor. 

The secondary and tertiary NE-striking faults and their 


related E-striking tension-fractures. 


The ore-shoots within the veins are contained in dilatant zones and 


these are localised by: 


Je 


4. 


The presence of pre-existing sulphides in the host-rocks. 
This is certainly a competence control and may also be a 
chemical control. 

Curves, refractions and bends in, and offsets between faults 
that nave moved more than once, causing dilatancy. 

Areas where the veins cut contacts or other faults. 

The rock-type. Ore-shoots are most common in bedded volcanic 


rocks and are never seen in the volcanoclastic sediments. 


The nature and controls of the mineraiised veins will be discussed 


further after the mines and showings have been described in detail. 
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6. THE TERRA MINE 


a} History 


The property was investigated by Eldorado's Exploration Division 
in 1960 and a few hoies were drilled to test the copper zone at 
depth. The silver veins were thought to be too small for exploitation 
and the ground was dropped. Terra Mining and Exploration acquired the 
property late in 1966. They dritied 39 holes in 1967 and then began 
a programme of underground development and drilling in 1968. 

A mill was constructed early in 1969 and the mine was officially 
opened in September of that year. Production nas since been sporadic 
with both economic and physical factors causing problems. Since the 
Spring of 1972, when both the third level and the Number 9 vein were 


developed, good ore has been mined and production has been continuous. 


b) General 


veins have been described in the section on suiphide skarns (Fig. 31). 
Details of the fracture pattern (Fig. 36) show the complex nature of 
the faulting in the mine. The mine is localised where a small 
second-order fault, splaying from the Bull Fault, cuts banded andesite 
tuffs and the sulphide skarn. The fauit can be seen as a single plane 
in plutonic rocks to the south, and as a 5 in wide set of shears in the 
andesites and volcanoclastic sediments to the north. In the mine area 


the fracture zone widens to about 100 m and is bounded by two main 


The mine geology and the location of the most important mineralised 
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Figure 36. Carbonate-filled fractures and the location of Ore-shoots in the 
Terra Mine. 
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veins, the Numbers 8 and 9 (Fig. 34). These two veins are, however, 
sinuous and do not always remain parallel to the direction of 
faulting. The main veins are composite and highly complex. Between 
them are numerous sub-parallel veins and stringers (e.g. Numbers 1 
and 7), and even more numerous cross-fractures. The complexity of 
the mine is greatly simplified by showing only the carbonate-filled 
fractures in Figure 36. In reality, chlorite-covered shears and 
joints, which developed before, during and after mineralisation, 
outnumber the veins and stringers by an order of magnitude. When it 
is also considered that many of the host-rocks were originally breccias 
(e.g. metacalcargillite), show extreme lateral facies variation, and 
are differently metamorphosed and skarn-mineralised, the problems 
of correlation between, and prediction of veins and ore-shoots are more 
than this writer could deal witn, except in the most general manner. - 
It eis clear that the mine is localised by the host-rocks, which 
permitted developnient of a wide fracture-zone on the fault. Similar 
conditions exist elsewhere on the Terra peninsula (see Fig. 7) and 
each of the fault-zones widens as it transects the andesite tuff and 
calcargillite horizon. Carbonate veins were found in all of these 
fauits and were investigated where they cut the andesite flow on the 
Shores of the Camsell River. They were found, predictably, to be 
thin and barren. They are not well-exposed where they cut favourable 
horizons for ore-mineralisation and recommendations that the veins be 
drilled in these areas were not followed. It has been rumoured, 


however, that one of these veins was finally drilled in 1973 and 
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yielded a ‘significant’ intersection containing arsenides. The 


author has been unable to substantiate this rumour. 


c) Wall-Rock Alteration 

The veins in the mine evidence at least three periods of 
movement. Each is snown by the precciation of pre-existing vein 
material and by the introduction of fresh mineralising fluids. The 
faults must have existed prior to the first phase of mineralisation, 
for this mineralisation fills the faults, and associated silicic and 
haematitic alteration are widely developed in the wall-rocks. The 
massive volcanic rocks are especially affected and altered to a deep 
red 'chert'. Fragments of this are common in all the veins (Plates 
9.4 and 9.5). 

These red fragments are healed by carbonates, and the wall-rocks 
were altered again at this time. This alteration extends for about 
twice the vein thickness on eacn side and is best developed in the 
tuffs and calcargillite. In these rocks an outer zone of white mica 
and carbonate replaces much of the host-rock and gives way inwards to 
a zone of cnlorite and carbonate with or without haematite, and then 
to a zone of aimost-complete carbonatisation on the edge of the vein 
(Plate 4.8). In the sijiceous volcanic rocks this alteration is seen 
only as black and green (chloritic) stringers along fractures. 


A further period of fault-movement caused brecciation of all 


pre-existing vein and wali-rock material, and permitted the introduction 


of quartz and carbonates. Alteration around these veins was not 
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observed, but the margins are plated with chlorite and white micé 
(Plate 9.4), and slippage has occurred on these again and again 


Veet eunse 7): 


d) Location of Ore-Lenses 

The location of rich silver-bismuth ore-lenses is shown in 
Figure 36. It can be seen that the ore occurs sporadically and 
irregularly in the veins, but most frequently at areas of splaying 
and coalescence of the veins, and particularly where the veins 
intersect the 'copper zone' (compare with Figure 31). 

Figure 37 shows the assay results of sampling along the 
Number 8 vein on tne first level. Firstly, the podiform nature of 
the silver-rich lenses can be seen. Secondly, the location of these 
lenses just before and in the pods of ‘copper zene' is well shown. 
The silver lenses always occur on the southern side of the copper 
pods - 1.e. closer to the monzonite. This may imply that the 
silver-bearing fluids were migrating along the veins away from the 
intrusion, and that the silver was precipitated in dilatancies where 
the fault began to splay on the margins of a copper pod. Tne lack 
of silver right through the copper pod suggests that the chemical 
effect of the copper sulphides was not the dominant factor in 
precipitating the silver. 

These conclusions are substantiated by similar data from the 
201 area (Fig. 38) which shows the considerable enrichment of silver 


on and in the edges of tne main copper zone - notably in the edge 
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Figure 38. Stope-Assay diagram, 201 area, Terra Mine. 


closest to the monzonite. Furthermore, the recrystaliisation and 
consequent enrichment of the copper sulphides close to the veins is 
well demonstrated in the data from the traverse a-a'. 

The ore-lenses in the main veins consist dominantly of uranium 
minerals, arsenides and silver or bismuth. However, in the cross-veins 
most of the ore 1s of the younger silver-bismuth sulphosalt and 
sulphide variety. It is interesting that both types and ages of 
mineralisation show the same relation to the copper zones, again 
suggesting that the control is structural. The coincidence of the 
rich copper zone and the remarkably compitex and weli-imineralised 
portion of tne Number 1 vein is no accident. 

These data were assembled from results of sampling to determine 
grades and tonnages in the mine. Further data on the more recent 
developments are not available to the author. However, from brief 
visits to the mine in 1971 and 1972, it is apparent that the same two 
features (splaying of faults and intersection of faults and copper 
zones) control much of the important mineralisation jn the mine. 

The data concerning a possible direction of travel of the 
mineralising fluids is interesting. It was originally proposed that 
the location of silver lenses on one side of the copper zones indicated 
that solutions travelling througn the copper zones leached the 
sulphides of trace contents of Ag, Ni, Co, etc. during their 
recrystallisation, and deposited these elements beyond the copper 
zone. However, it was noted earlier that the primary sulphides 


contained virtually none of the elements common in the younger veins 
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and that there was no difference in the trace element contents of 

primary and recrystallised sulphides (see Table 5). Consequently, 

the hypothesis of fluid-transport away from the monzonite is preferred, 
Tt must be stressed here that there can be no genetic connection 

between the monzonite itself and the veins - the intrusion was one 

of the earlier ones in the area, and was certainly ccoled and, possibly, 

even unroofed at the time of mineralisation. The genetic significance 


of this proposed direction of fluid migration will be discussed later. 


e) Details of the Vein Mineraiisation 
When describing complexly-mineralised yeins, there is a problem 
in deciding whether to describe first the separate minerals and their 
textures, and then a paragenesis, or vice versa. The cart is always 
being put before the horse, however it is done. In this section the 
groups of minerals that typify the various stages of the paragenesis 


are described and their textural relationships with other groups 


documented. A detailed summary of the paragenesis follows. 


Carbonates 

The carbonates can be divided into five groups on the basis of 
both morphology and age-relations. The first phase is seen only as 
brecciated fragments in younger veins, always associated with the 
red-altered fragments. The fragments consist of fine-grained calcite 
and dolomite which are badly haematitised. Since the red fragments 


are not veined by this material, it is thought that the red-alteration 
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may be younger. These carbonate fragments inay have been the first 
hydrothermal vein materia! in the faults. 

The second group of carbonates consists of granular, fine-grained 
dolomite, with small admixtures of calcite. This cements the 
red fragments and is often banded. Occasionally it contains small 
patches of quartz, magnetite, haematite and pyrite. The bands are 
often separated by smears of chlorite, and moss-like botryoids of 
chlorite have grown from these. The dolomite contains much of the 
more massive silver and arsenide mineralisation. Faulting then 
Sheared, and occasionally precciated this dolomite, and a coarse wnite 
dolomite was emplaced, forming thick veins which cement both red and 
green altered fragments. This dolomite contains smears of chlorite 
and coatings of a fine haematite dust. It is replaced by much of the 
dendritic and botryoidal arsenide mineralisation. 

The fourth group cuts: the third, which was not brecciated. It is 
a coarse,white dolomite, containing chlorite and haematite in places, 
Patches of coarse, clear quartz are common, and thin veins of quartz 
lie in this dolomite. These veins are usually of clear, euhedra} 
quartz, but one was seen to be fine-grained and granular, and to 
contain specks of native silver. The dolomite also contains patches 
of fluorite, green muscovite, pink feldspar, bismuth and many sulphides 
and sulphosalts. Quartz-feldspar-fluorite-muscovite veins both cut 
and are cut by the dolomite veins. The dolomite was the last main 
filling of the veins, and there are large vugs in it, most especially 


in the cross-veins. These vugs are often lined with pyrite and 
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haematite, and fine needles of pavonite were found in one. The 
last carbonate in the veins is calcite, which forms elongate 
scalenohedra in the vugs and is often intergrown with pyrite and 
naematite. 

The results of analysis of isotopes of oxygen and carbon are 
shown in Figure 39. All the dolomites plot in a very tight group and 
there is no evidence of fluid evolution, although the averages of nine 
Stage 2 and 15 Stage 3 dolomites are separate,with the same trend as 
that shown by equivalent stage dolomites in the Echo Bay deposit 
(Robinson, 1971). However, the values are close to those of dolomite 
in the metacaicargillite and it is suspected that all the dolomites 
have equilibrated (Badham et ai., 1972). 

The caicites show a considerable spread and it nas been suggested 
that they represent a continuous trend from the equilibrated dolomite 
value to equilibration with a late infiux of meteoric water (Badham 
et al., 1972). However, scatter is really too large to be interpreted 
simply. In addition, many of the Stage 2 caicites were so intimately 
intergrown witn dolomite as to be physically inseparable, and the 
analyses were made on the gasses produced after only two hours of acid 
digestion (see Appendix III). The analysed carbonates were all 
identified using X-ray diffraction methods: only Ca and Mg carbonates 


were identified at Terra. 
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No quartz was seen in association with the red alteration at 
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Quartz is first seen as patches in the second phase carbenates, where 
it is clear and auhedra!l and often dusted with haematite. No quartz 
was seen in the third prase carbonate veins, hut it becomes common 
in the coarse, white dolomites, both as veins of coarse, clear 
euhedral crystals arid as “dogstooth' vug linings. In the latter it 
is commoniy coated with naematite or pyrite. Small crystals of 
quartz very occasionally overgrow the late calcite scalenonedra. 

The quartz crystals contain numerous fluid inclusions, and are 
eminently suitable for fluid inclusion work, which is planned for the 


future. 


Uranium Minerals, 

Uranium minerals are commonly associated with the silver- and 
arsenide-rich lenses in the main veins. Studies with a scintillometer 
in the mine and on hand specimens reveal that mucn of the uranium is 
associated with the early red-alteration (haematitic and silicic). 

The uranium minerals are present in black streaks in the altered 

rocks, but no uranium mineral could be identified in polished 

sections of this material. However, it seems that later influxes of 
silver and arsenides recrystailised the uranium, sometimes in place, 
but more often with mobilisation as well. The uranium minerals were 
Flushed to the margins of the red-altered fragments, and recrystallised 
with the silver. The autoradiographs (Plates 9.1 and 9.2) show the 


concentration of uranium minerals on the edges of, and in cracks in 
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the red-altered fragments, and their further concentration as thin 
coronas around silver and arsenide growths. There is evidence, 
however, that some of these coronas of uranium minerals grew before 
the other minerals and acted as a nucleation centre for precipitation 
of the latter. For instance, in Plate 8.2, a corona of banded 
uraninite in carbonate was cored by silver and rimmed by diarsenide 
rosettes. These thin bands of uraninite probably correspond to the 
early uraninite dendrite stage at Echo Bay (Robinson, 1971). 

Uraninite also occurs as zoned spherules between 5 and 10 microns 
in diameter. Some of these appear to have preceded silver and 
arsenide minerals (Plate 8.3), but some crystallised with or after 
these minerals (Plate 8.1). The zoning consists of a darker annulus 
near the core (Plate 8.3) and a pale outer ring. Electron microprobe 
Investigations. showed thisannulus to be enricned in lead over the 
outer ring. Galena itself is common in the ‘cracks in and around 
the edges of the spnerules, and was presumably formed from radiogenic 
lead. 

Although the uranium mineral in the spherules was identified 
optically as uraninite (this is confirmed by the presence cf uraninite 
lines in an X-ray diffraction powder photograph of a heavy concentrate 
of Sample A 2.7 - Plate 9.3), the uranium minerals, detected both by 
scintillometer and by autoradiograph, could not be identified with 
certainty. 

It is concluded that uranium was introduced into the veins at 


the same time as the silicic and haematitic alteration. Subsequent 
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brecciation and the introduction Of new minerals served to 
recrystailise, and sometimes remobilise the uranium minerals. This 
conclusion agrees with isotopic data on the leads, from which Thorpe 
(1971) has concluded that pitchblende at Port Radium was deposited 
at 1625 m.y. and remobilised at 1450 m.y. Whether or not these ages 
are correct is arguabie, but the conclusion of importance is that 


two ages are indicated. 


Native Silver 

Native silver is economicaily the most important mineral in the 
veins. Silver is most commonly associated with the arsenides, but 
does occur away from arsenide mineralisation, as leaves and wires in 
carbonates, as interstitial blebs in quartz, and intergrown with 
sulphides. 

Native silver has been seen veining and repiacing an early 
generation of granular, yellow dolomite in a number of polished 
sections. The silver first surrounds grains or areas of dolomite 
with thin rims, and then gradually replaces the surrounded carbonate 
(Plate 6.1). The resulting silver often forms coarse dendrites in 
the carbonate. Thin dendrites are also common, and these have a 
cubic symmetry and cut indiscriminately through the carbonates. 
Individual silver crystals within the dendrites often retain the 
pseudomorphic shape of replaced carbonate (Plate 6.1). 

Dendritic textures are commonly reported in the literature, but 


few attempts are made to explain them. The author has studied the 
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qrowth of ice dendrites on windshields for the last three years and 
the following generalisations can be made. 

1. The dendrites always have a hexagonal symmetry, although 
interferences between two dendrite sets in differing orientations 
may obscure this symmetry. 

2. The dendrites are longest, thinnest and least-branched when 
the air-temperature has been iowest. 

3. The dendrites are short, fat and many~-branched, and often 
join to form massive ice-sheets, when the temperature is barely below 
freezing and the humidity is high. 

4, Rosettes are equally as common as dendrites ana show similar 
relations to temperature and numidity. 

5. The dendrites obey only their own symmetry. Dendrites may 
cross patches of dirt or pre-existing lumps of ice with no deflection 
or perturbation of their regularity. 

6. The point of nucleation and initiation of a dendrite appears 
to be random. They do not necessarily nucleate from pre-existing ice 
patches. 

It is concluded that the ice dendrites form best when the 
temperature contrast between the mineralising 'fiuid' (in this case 
the atmosphere) and the area of deposition is greatest, and when the 
concentration of 'mineral' (water) in the 'fluid' is not high. Ice 
dendrites were observed to grow with great rapidity, and it is 
generally accepted that dendritic textures are indicative of fast 


growth (Phillips, 1963). 
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All the silver dendrites and many of the arsenide dendrites in 
the Terra ores are cubic. They may be short and fat, with massive 
interstitial patches, but are predominantly long and thin. They show 
the same features as ice dendrites, and it is concluded that a 
mineralising fluid containing silver was intruded into carbonate-bearing 
veins: the physical (temperature) and chemical (f[Ag]) parameters between 
carbonate and fluid so contrasted that silver was immediately 
precipitated and grew through the veins as dendrites. Elsewhere, the 
Silver can be seen to have nucleated on uranium minerals or wall-rock 
fragments in the veins, or on the colloform chlorite growths in the 
early carbonates. It often completely replaces these chlorites, but 
retains the colloform texture. 

Many of these early silver dendrites were rinmed by Successive 
bands of arsenides, which vary from generally nickel-rich near the 
silver, to cobalt-rich near the margins (Plate 6.2). However, there 


is clear evidence to show that much of the silver in the cores of 


n 


arsenide rosettes and dendrites was introduced after the arsenide 
and replaced carbonates left in the cores (Plate 6.3). Both these 
types of silver were later recrystallised to cubes (from pseudomorphous 
rhombs) with the simultaneous formation of maucherite at the expense 
of less Ni-rich arsenides next to the silver. The recrystallised 

core silver can be seen to cut the arsenides (Plate 6.5). At this 

time some new silver may have been introduced, as veiniets filling 
cracks in the arsenides (Plate 6.4). These arsenide-core silvers are 


often replaced by later carbonate (which grows as pseudomorphous cubes 
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now!), quartz, fluorite and, less commonly, sulphides (Plate 6.5). 

Silver was again introduced during the sulphide and sulphosalt 
phase, and although most is present in the sulphosalts, small specks 
of native silver were sometimes exsolved from galena-tetrahedrite 
mixes, and the metal was once observed in a granular quartz vein. 

Consequently, we have at least three phases of silver 
mineralisation. The pre- and post-arsenide silvers may have been 
deposited essentially synchronously, but the 'vein' and 'exsolved' 
Silvers are different. 

Silver from hydrothermal veins frequently contains smal] amounts 
of antimony and mercury in solid solution (Boyle, 1968), and the 
concentrations of these usually decrease with time and falling 
temperature (e.g. Petruk, 1971). In 1971 four silver samples (two 
pre-arsenide, two recrystallised post-arsenide) were analysed for 
their Hg, Cd, Sb and Ni contents, using an electron microprobe. 
Antimony and cadmium were found to be below detection limits, and 
nickel was detected rarely, and only in patches (found later to be 
blebs of nickel arsenides in the silver). The mercury contents, 
however, Showed a perfect bimodal distribution from greater than 1.5 
wt % in the ‘earlier’ silver, to less than 1% in the 'younger' silver 
(Table 7). 

This bimodality was tested in 1973 with samples from all three 
mines. A number of the samples selected contained silver of both 


earlier generations. The results (Table 7) show that there is still 


a bimodality in mercury contents, but that this does not correspond 
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Table 7. 

Silver Bay. 
Sample 
TERRA 
Run 1 
TM19 .3A 
TM30.6A 
TUXO8.1 
TM19.3C 
Run 2 
A2.5 (0) 98.87 
TX16.11 (0-C€2) 95.05 
AP te (0) 94.62 
Ae a (0) 98.43 
Run 3 
TJ1.5A (F/C1-6) 98.67 
TJ1.8A3. (C1) 99.05 
TJ1.8B (C5-6) ee a Wal 
A2.8 (0) 95.62 
NK20.1A ()-Q1) 94°75 
MJ24.3A (C5-8) 9 Joel ibe) 
MJ24.3B (C3-4) 93,35 
MJ24.7 (0-A1) 94.72 
MJ24.3C (C9=-10) 86.65-96.9 
TJ1.8A2 (F3-4) 388.89-94,4 
NOREX 
Run 3 
NX11.5H 90.03 
SILVER BAY 
Run 2 
MJ9.10 (0) 88.76 
SBX10.3C(0) 87 .62 
SBX10.8B(0) 96.03 
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to the optically-defined generations of silver. In addition, some of 

the apparent totals are alarmingly far from 100%, indicating the presence 
of other components. (Only background corrections were made on the 
results of the second and third sets of data: atomic number, flucrescence 
and absorption corrections, applied to the first set of data, were 
apparently so small as to make no statistical difference to the 

results). The bimodality still defined the same two groups as had 

the first analyses. It was conciuded that the difference between the 
two groups (ignoring, for a moment, the anomalous Silver Bay sample) 

was in the degree of replacement of the siiver by later carbonate, 
quartz or fluorite. 

Consequently, 11 samples from the Terra Mine, and one from Norex 
were selected, after arbitrary degrees of replacement had been 
designated from optical work. The same criteria were applied to the 
samples analysed previously. These criteria are denoted in Tabie / 


on the following system: 


A, F, ©, Q = #£Replacing mineral: argentite, fluorite, 
carbonate or quartz 

1 - 10 = Degree of replacement 

0 = No replacement. 


From the results of these analyses, it can be seen that the 
hypothesis is not valid. Detailed correlations of all the results 


with the optical data show that the mercury content drops in the 
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post-arsenide silvers as they develop in tne arsenides. The mercury 
content reaches a minimum as the silver starts to be replaced by other 
minerals, but does not change with continuing replacement. The silver 
need not develop as fully euhedral crystals in tne arsenide, but 
continued to be precipitated until AS Grane was exhausted. The 
later minerals replace partially or fully-developed silver crystals 
with equal facility. The silver in the anomalous sample from Silver 
Bay occurs as tiny specks exsolved from tetrahedrite, and is clearly 
not part of the main group of silvers. 

Tne recrystallisation of silver in the arsenides apparently had 
no effect on the mercury content - at least none was indicated by the 
analyses. However, during the third analysis, two samples were found 
to be zoned (the analyses were carried out in such a way that 
inhomogeneities would have been detected earlier had they existed). 
The ranges of this zonation are considerable (Fig. 40), and further 
investigation showed that the mercury was enricned in a thin outer 
band and depleted in the core of the silver dendrites in these two 
samples. This is clearly shown by scanning pnotographs for silver and 
mercury (Plate 6.6). This particular silver dendrite is the core of a 
thick dendrite of niccolite with skutterudite rims. There is some 
maucherite next to the silver, which is being replaced by fluorite. 
Since the mercury content of the adjoining niccolite is very low, this 
zonation cannot represent a diffusion from silver to niccolite or 
vice versa. It may represent a flushing-out of mercury from the 


silver during a recrystallisation, or it may be a depositional feature. 
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Many of the totals of the first two sets of analyses were 
reasonably close to 100% (apparent wt % Ag + apparent wt % Hg). 
However, when all the analyses are plotted (Fig. 40) it can be seen 
that there is a regular deficiency in the apparent total, and that 
this deficiency almost exactly equals the apparent concentration of 
mercury in the sample (etact equality would produce a best-fit line 
with a gradient of 45°). 

Earlier results had indicated that there were only low 
concentrations of nickel and antimony and no cadmium in the samples: 
later qualitative investigations showed no detectable sulphur or 
uranium. Full-range scans were made of the most deficient samples 
from each of the mines, and it was found that Si, Bi, Sb and Ni 
were present in low amounts and that arsenic was present in the two 
most deficient Silver Bay samples and the Norex sample. This work ts 
reported as it stands at present, and further analyses of the silvers 
are planned, especially to test whether the third component(s) is (are) 
real, or merely a function of analysis that will not appear when full 
corrections are applied. 

Other data that have come out of this project are interesting. 
Throughout most of the analyses the third channel of the electron 
microprobe was tuned to niekel (La), to detect microblebs of arsenides 
in the silver and avoid them during analysis. Qualitative tests 
continually showed that the arsenides surrounding the silver cores of 
dendrites and rosettes are Ni-rich. Furthermore, maucherite was 


nearly always found only in contact with the silver. The Ni-content 
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of niccolite was found to be higher in a thin band up against the silver. 
However, where the silver cores are recrystallised and veinlets of 
Silver transect the arsenides, there is no enrichment in nickel against 
the silver. Consequently, it was deduced that the arsenides originally 
contained more Ni-rich central zones, and that this represents the 
depositional evolution of the arsenides, which is independent of the 
Silver. The silver may have replaced the most Ni-rich parts, or the 
Ni-rich parts may have precipitated around the silver - later 
yrecrystallisation has destroyed the original texture relationships. 
However, it does seem that the maucherite has formed from niccolite 


by loss of arsenic, thus: 


ied NiAs rt Nis AS, r 3 AS 


and that this occurred during recrystallisation of the silvers. The 
arsenic released may have migrated into other arsenides (arsenides 
are commonly astoichiometric). 

Secondly, the cross-analyses of the silver and cinnabar standards 
enabled analyses for mercury and silver in these to be made. It was 
found that the cinnabar standard contains between 0.0088 and 0.013 wt 
% Ag (88-130 ppm). 

Thirdly, a number of bismuth grains were (accidentally!) analysed 
for their silver and mercury contents, and these data are reported 
below ( Table 8). 


It is concluded, finally, that silver was introduced before, during 
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and after the main phase of arsenide deposition, but that all were 
deposited from the same (evolving) fluid, and are geochemically 
Similar. Later silver, deposited with the sulphides, may be 
remobilised from earlier silver, or may represent a fresh introduction. 
The earlier silvers replace, and are replaced by arsenides, gangue 
minerals and sulphides. Frequent recrystallisation and common 


pseudomorphous textures compiicate interpretation of the paragenesis. 


Arsenides 

Studies of the arsenide minerals, especially the di- and tri- 
arsenides, have been hampered for many years by a profusion of structural 
and chemical data tnat not only failed to be consistent, but were 
frequently obviously in error. he cause ef this confusion is that 
most arsenide minerals occur in highly complex intergrowths, and that 
analyses and X-ray diffraction studies were made on mixtures, rather 
than on single phases. Although a most detailed paper by Holmes (1947) 
and excellent subsequent work by Roseboom (1962, 1963) sorted out much 
of the confusion, errors were still common, even in the sixties. A 
history of the evolution of ideas on arsenides is given by Holmes, 
and the essence of his classification is adopted here (Fig. 41). The 
higher arsenides consist of two series. The first - an isometric 
triarsenide series - is grouped under the general name of 'skutterudite'. 
There appears to be complete solid solution between Ni-, Co- and Fe~end 
members, but triarsenides with only a single element in the metal 


Sites are confined, apparently, to the cobaltian member. In Ni- and 
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Figure 41. Stability fields and compositional ranges of Di- and Tri- 
Arsenides. 


Can 
; 


(26 


~) stipe edctemmaa A. + 
atino2vee > Frio vore 1) 


a 
ape 
: , 
Uy: 
. 
y 
g > a= 


t 
adtibuTett ye 72 f 
angie at aiitamoe! 


tivo’ fine 8 


i ; = r 
THI’ = rilsonen 


-) 
a ) s 
- 54 
- *: 

a] - & e 
rv. 7% De 
<P) 

.* « ( ‘ ) 
' < a 


(Pa esaitrinis A 
2 97) ngrattt 3’ 


an <ehst 


. iN 


ay. = 
ie ed pus amieactee Pin: 
ayer nae a 
4 4 ay pe > rat 
a” 


Vas 


Fe-rich members the triarsenide structure breaks down to that of the 
second series - a group of monoclinic or orthorhombic diarsenides. 

This series can be subdivided further into three mineral groups - the 
safflorites, monoclinic Co-Fe diarsenides; lollingite , an orthorhombic 
Fe-rich diarsenide; and rammelsbergite, and its polymorph 
pararammelsberaite (Radcliffe, 1966), a Ni-rich orthorhombic diarsenide. 
At high temperatures, experimental data (Ramdohr, 1969) indicate 
complete solid solution between cobalt and nickel in the diarsenides, 
and the skutterudite field is small. At lower temperatures this 

solid solution breaks down, and two separate diarsenides result (Fig. 
41}. However, presence of a pure cobalt diarsonide has not been 
documented in the literature, and was not found tn this study. 

[t was not until the advent of the electron microprobe that small 
enough areas could be analysed to prove the validity of Holmes’ work 
in the cryptically zoned and banded samples: studies by Radcliffe 
(1966, 1968) and Radcliffe and Berry (1968) have been especially 
important. It was found that the diarsenides are essentially 
stoichiometric and that previous postulates of metal- or arsenic- 
-deficient members are erroneous. There is no documented substitution 
for the nickel, cobalt and iron, and only sulphur has been shown to 
replace the arsenic up to a maximum of about 5 wt %. Radcliffe and 
Berry (op. cit.) proposed slightly different limits to the Fe-Co 
diarsenide field (Fig. 41), and distinguished five different 
safflorites which, because of differing Fe:Co ratios, have slightly 


different X-ray diffraction patterns. Radcliffe and Berry also note 
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that the safflorites are predominantly orthorhombic, although 
monoclinic examples have been recorded since (Petruk, 1971). 
Skutterudites have frequently been reported as being arsenic- 
deficient, and this is well-documented by Petruk (1971) who gives 
an average Fe:As ratio of 1:2.8. 

Electron microprobe analyses on samples from the Cobalt area, 
Ontario, have substantiated the proposals presented above (Petruk, 
1971). Consequently, it was not considered worthwhile to examine the 
exact chemical nature of the mineral phases. Rather, it is the 
relations between coexisting pnases and the trends in mineral zoning 
that are of interest, and it is these that were investigated using the 
electron microprobe. 

In tnis study, the nigner arsenides were identified optically 
and separated into isometric and non-isometric groups. X-ray 
diffraction studies on rare samples that were large enough to permit 
extraction confirmed the isometric series as skutterudites, and the 
second series as either rammelsbergite or 'safflorites'. Further 
optical data, including the use of microhardness and reflectance 
measurements, allowed clear separation of the rammelsberaqite and 
'‘safflorite' groups. Safflorite (sensu stricto) could not be 
distinguished optically from lollingite. 

Two lower arsenides were encountered during the investigation, 
namely: niccolite and maucherite. Pararamnelsbergqite was not observed. 

Tne arsenides occur as single crystals in the wall-rock or gangue, 


as dendrites, rosettes and tubercules, and as massive patches formed 
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by the coalescence of finer structures. The rosettes are not the 
cross-sections of dendrites, but are clearly spherical. The tubercules 
are morphologically similar to the dendrites, but are straignt-stemmed 
and unbranched. 

All three structures are made up of very finely-banded, mixed 
arsenides. Relationships in the banded areas are variable, but the 
following generalisations can be made. 

1. Cores are more coarsely crystaliine, and rims most 
finely-banded (Plates 6.2, 6.3 and 6.4). 

2. Banding may paraliel and reflect the shave of the cuter 
walls of the structure, may parallel inclusions in the core, or may 
be highly variable (Plates 6.3 and 6.4). 

3. Niccolite and maucherite generally occur in the centre of 
Structures. 

4, Rammelsbergite is most common near the centre of structures, 
but thin bands occur in many of the diarsenide-rich areas. 

5. Maucherite appears to have formed at the expense of 
niccolite and was not deposited initially (Plates 6.3 and 6.5). 

6. Many of the structures examined in hand specimen show that 
niccolite with rammelsbergite rims formed initially, and that this 
recrystallised later and was rimmed further by other arsenides. 

7. In banded di- and triarsenide sequences, the triarsenide 
bands are often preferentially replaced - e.g. by bismuth, fluorite, 
quartz, carbonate or sulphosalts (Plate 10: 1-5). 


8. In polished sections containing niccolite, diarsenides, 
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Skutterudites and silver, silver was seen only in niccolite in 14 and 
on the edge of rammelsbergite bands in the other five. 

9. In 23 polished sections containing all the arsenides and 
bismuth, bismuth was seen only in the triarsenides in 18, and in 
carbonate gangue in the remaining five. Silver in three of these 
samples was confined to the niccolite. 

10. There are Ni-As-rich areas in the ore-lenses, and silver 
is generally associated with them. Co- and Fe-As-rich areas are more 
widespread, generally occur on either side of the Ni-rich areas, and 
have bismuth closely associated. 

11. No zoning of arsenides ajiong the veils or with deptn was 
noted by the author, but the mine was reaily too small in i970 for 
such details to be observed consistently. The presence of different 
assemblages probably indicates tnat such zoning will be found now that 
more of the veins are available for study (see especially, Petruk, 
1971, for comparable data from the Cobalt area, Ontario). 

Electron microprobe data substantiate many of these generalisations 
and permit further ones: 

1. There is no Co-rich (Co > 80%) diarsenide, but all the 
skutterudites are Co-rich (Co > 80% of metal). 

2. The Ni-content of safflorites is much lower where these are 
in contact with bismuth than in Bi-free areas. 

3. The Ni-content of arsenides is much higher adjacent to silver 
in arsenide cores. However, it is not enriched where silver veins 


transect banded arsenides (Plate 7.1). 
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4. Fe-rich diarsenides are only seen in thin, discontinuous bands 
in diarsenide sequences (Plate 7.2), or as thin skins on the outer 
margins of dendrites (Plate 7.1). 

5. Co- and Fe-rich arsenides are more common in the outer 
margins of structures (Plate 7.1). 

6. Co- and Fe-rich diarsenide sequences are often intimately 
Interbanded with triarsenides. Ni-rich arsenides are never seen in 
association with triarsenides. 

The investigations of Sample TM 16.1, (Plates 6.3 and 6.4) show 
the typical zonation of diarsenides around a silver core. The silver 
has replaced carbonates and has been slightly remobilised to fill thin 
cracks in the arsenides. Close to the silver, the arsenides are 
niccolite, maucherite and rammelsbergite, and these occur as a 
well-crystallised aggregate. Around these are botryoidal bands of 
diarsenides. X-ray scanning photographs (Plate 7.1) show the complexity 
of these bands. Compositional bands do not necessarily coincide with 
colour bands. To determine the variances in the three metals, a 
step-scan was made. The path of this scan is snown on both Plates 6.3 
and 7.1. Peak counts on standards were made for Ni, Co, Fe and As, 
and the approximate compositions of points on the step-~scans were 
estimated from these. No corrections are made, but then it is not 
detailed analyses that are required. The sample was counted in 23 
spots (a-w) at 9 yw intervals. The results are shown in Figure 42, 
Spot analyses probably integrate a number of cryptic compositional 


bands, but the variations between Ni, Co and Fe are of interest. It 
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can be seen from the constancy of the As and total Co + Fe + Ni that 
ali the minerals are diarsenides. Nickel and cobalt, however, vary 
antipathetically. Iron shows some sympathetic variations with cobalt 
but generaily decreases from the margin inwards. The transition zone 
between rammelsbergite and safflorite is real and is about 20 y wide. 

X-ray scanning photographs of Sample Td 11.20, (Plate 7.2) show 
similar features, although here the original silver core has been 
completely replaced by fluorite. The band immediately around the 
Fluorite is a skutterudite, and seems to contain approximately equal 
amounts of the three metals. The remaining bands are all diarsenides. 
It is interesting to note the thin broken band of almost~pure 
lollingite. Other examples of mixed skutterudite cores with banded 
diarsenides around them were investigated. [In general they only occur 
away from Ag- and Ni-rich lenses, and many examples were seen where 
sulphosalts and bismuth replaced these skutterudites, but not the 
diarsenides. 

One of the most intriguing facets of the arsenides is the banding 
How does it form? Many authors have dismissed the problem with 


generalities, such as that they are colloidal, or that they are growth 


bands. From the descriptions above, however, it is clear that inany of 


the bands, and certainly the well-crystallised cores, are not original 
but are post-depositional features. Another problem lies in knowing 
which was deposited first: the outside or the inside? It has been 
shown earlier that some dendrites can grow by rim replacement and 


gradual infilling. Others have clearly grown outwards. How can 
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rosettes, for instance, have grown inwards, for they would cut off 
their own supply? A number of hypotheses have appeared in the 
literature, although some are less plausible than others. (Celsner 
(1961) proposed that native metals (Ag, Bi) formed skeletons in an 
arsenide gel which then coagulated into the arsenide assemblages in 
successive bands. Tnis, however, fails to account for the common 
relict cores of carbonate. Kidd and Haycock (1936) and Stanton (1972) 
assume that the arsenides accreted in successive bands around silver, 
bismuth, or carbonate cores. Both mention the possibility of 
colloidal precipitation. Robinson (1971) proposes the accretion 


hypothesis for the Echo Bay samples. 


(ee) 


In general it can be seen that a paragenesis of Ni-Co+Fe 7 
developed in the arsenides at Terra. Since Ni-rich minerals general 
form at cores, it is assumed that the Co- and Fe-rich arsenides grew 
around them. However, the exact mechanism of banding is not known, 
That successive incredibly thin bands were able to replace the 
carbonates with equal facility is unlikely. It is proposed that the 
bands developed from a single phase, or at the most two separate 
phases. The bands may have developed with their present cnemistry by 
direct precipitation from a gel; or a mixed arsenide, stable at higher 
temperatures, may have formed first and broken down into the banded 
di- and triarsenidé sequences as it became unstable. This second 
mechanism is preferred. 

Phase relation studies of the arsenide minerals are not common, 


perhaps the best being that of Yund (1961) on the Ni-As system. Yund 
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implies that rammeisbergite is unstable and reverts to pararammels- 
bergite at 590°+10°C under the vapour pressure of the assemblage. 
Petruk (1971, 1972) used this data to propose a high temperature cf 
formation for the veins in the Cobalt district. Other evidence from 
fluid inclusion and isotope work (Robinson, 1971) and from the 
preservation of pre-arsenide assemblages, indicates that temperatures 
cannot have been in excess of 300°C. Yund, himself, doubts that the 
inversion occurs at such high temperatures in natural examples, and 
indicates that iron, cobalt and sulphur may all lower the inversion 
temperature, so that "it is not possible to set a lower temperature 
limit for the formation of rammelsbergite in nature." 

The sequence of arsenides is most likely to represent deposition 
from a cooling and chemically-evolving fluid. The data indicate that 
Skutterudites were apparently unable to crystallise until the Ni-content 
of the fluid was severely depleted, and the same is true of the 
Saffiorites. It is proposed that an original fluid, containing nickel, 
cobalt, iron and arsenic, was injected into the veins. As it cooled, 
so Ni-rich minerals precipitated until the temperature and Ni-contents 
were low enough for Co-Fe arsenides to form. These either exsolved 
from the breakdown of an original complex mineral, or were deposited 
sequentially. Probably, at the same time as they started to 
crystallise, the Ni-rich core minerals recrystallised and maucherite 
was formed from niccolite. Later fluid injections failed to 


recrystallise the arsenides, but often selectively replaced them. 


a al a | lone (ian | _ a | 
- ; Ty ie 7 ‘ j : _ i 7 ia a v 


ch 7 : ’ cat 7 : 
aer. a - t i eo 


4's 


e 
j 
) 


; f 
- 5 Oe, and 
hl il ae eee 
7 . ane ies eee it=h 2 ial 
: 7 +. ~~ fa J abe 


pais “il angie. Lipari hw tate seeds ecg 
bes, colemesy farwtsa ot covgsetsges? pi tou 38, ens0 iokerapat 
nofendyat ont yowol ftir yan “udgtog done Sf edoa.¢ nat 2sitt 2a2eotbat | 
arufwrsamot ews a Jex-at odzeeaqaen et att asi 02 4owgeraqned 
_-_n, “evap ee. SPT padel gammy 2 aottomot a sot-dta 
eouatighite eporqat_of, Yoail roa-at gebtnseys. 10 ‘spnouper ad a5. 
tod aie ribnt aSpdwdT _ yltt patytove-gitaatngtia han. ont oqg mony 
swelgrao-tit ach Lig, bel toto et ei dame sefigona aga: tem, cadtomodads 
< bd FO usd a? sone oft tne whadofgab ee 
fodeta pafatainoa big!) tendghio tw ted baegqoag: et 9b. seed 
ebofoma J) BA, )mntay of3, otal hefoatar aay somone bps nor) me 
aiastyge- Th hep any inaqnny ot (how baintigtawn senna 
havideas welt > wend) , no? ad aabinseye 6-9) sob ytplons woe 

sszleoqak agew 40 «Farsaahu aestegrng, jenn es oe ree 
of. badyai2 yo? contd atse odd se, , pidadoy4 | 
 adlyailgnan bas beshiteracce ataagnl a indesiiecinianiie 
of ballsl, snottosink belt sided codt fosolny port 


a 


=— 7 
i¢ a 
: vat 
ry! 


Sulpharsenides are not common in the Terra Mine. Arsenonyrite 
was identified in hand specimen, cobaltite and glaucodot in polished 
section, and gersdorffite, tentatively, from an X-ray diffraction 
pattern. They all occur as small eunedral crystals, either in carbonates 
or in areas where sulphides have overgrown earlier-formed arsenides. 
Cobaltite was also tentatively identified in two examples, interarown 


with skutterudite in rosettes. 


Native bismuth is one of the most abundart ore-minerals in the 
veins of the Terra Mine. Massive pods of bismuth frequently replace 
gangue minerals in some of the cross-fractures, forming a most 
spectacular ore. The bismuth was introduced in Stages 3a and 3b and 
can be seen intergrown with carbonates, quartz, fluorite, muscovite, 
sulphides and sulphosalts. The metal occurs in four separate settings. 
Firstly, bismuth commonly replaces Co-rich arsenides. In these 
situations, bismuth and silver never coexist. Initial replacements 
occur as ‘speck zones' of bismuth along bands in the arsenides. 

These later fill out and join, forming massive patches (Plate 10.5). 

In other cases, bismuth forms skeletal growths in arsenides. These 

have an unusual morphology, resembiing the figures on Haida totem poles 
in British Columbia. Rather poor examples of these 'totem structures’ 
are shown in Plates 10.1 and 10.2. In all cases the bismuth has clearly 


replaced the arsenides. It is, in turn, frequently overgrown by quartz, 
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sulphides, sulphosalts or fluorite (Plate 10.1). Elsewhere, bismuth 
overgrows sulphosalts tnat have replaced the Co-rich arsenides, and 
here the totem structures are beautifully developed (Fig. 43). 
Secondly, bismuth is common as veinlets and blebs in the Stage 3 
dolomites. Sometimes these are replacive, and sometimes they have 
grown interstitially. They are intergrown with sulphides and fluorite. 
Where there is some quartz in the carbonate, the bismuth grows all 
around it, forming a massive ore with 'quartz eyes'. There are 
commonly thin reaction zones where bismuth is in contact with sulpnides, 
and onein particular can be well documented. Here, bismuth and 
chalcopyrite nave reacted to form empiectite, with the excess iron 


apparently forming pyrite and pyrrhotite, perhaps thus: 


Cures, + Bi tS = CuBiS, + FeS 


Thirdly, bismuth replaces chloritised wall-rocks, especially 
around Bi-bearing veins. This replacement is often extensive, 
forming a rich ore. The bismuth occurs as nebulous to massive patches 
and as complex micro-vein stockworks. Later shear planes are often 
coated with smears of the metal. 

Fourthly, minute specks of bismuth are often exsoived from 
sulphosalts ~- especially tetrahedrite and galena (Plate 11.8). These 
specks were mistaken for similar ones of silver at first, but were 
later identified as bismuth during the electron microprobe analyses. 


Bismuth is very commonly replaced by bismuthinite (Plate 10.5). 
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Figure 44. Compilation of Electron microprobe data showing Sulphosalts 
replacing zoned arsenides. See also Pilate 10.7. 
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In many cases it seems that the metal and sulphide were growing 
Simultaneously from an ore-fluid, either with a limited sulphur 
content, or whose sulphur was preferentially taken up by other 
minerals. However, as deposition progressed, so sulphur apparently 
became more available to the bismuth: consequently, the bismuthinite 
started to overgrow the earlier-formed bismuth. 

The mercury and silver contents of some arsenide-replacing and 
some exsolved bismuths were measured using the electron microprobe, 
during the silver analyses. The results are reported in Table 8 
(along with values for a Silver Bay sample). No conclusions can be 
drawn, other than that the mercury content is of the same order as 


that in the silver. 


Sample Ag app wt % Hg app wt % No. grains counted 
™ 30.7, Oe75 1.46 6 
Td 11.20, 0.09 1.44 5 
SBX 10.3A 0.01 1.08 2 


Table 8: Operating Conditions as for Run 2, Table 6 


From the replacement textures it is evident that bismuth was 
introduced during much of Stage 3 and that it replaces, is replaced 
by, and grows with the other minerals of this stage. There is no 
evidence of a pre-arsenide bismuth - the replacement textures are always 


obvious, which contrasts with the ambiguous textures of silver in the 


arsenides. 
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sulphides 
Smal! amounts of pyrite are associated with every stage of 
mineralisation. However, sulphides are only common in the veins at 


the beginning of Stage 3. Sulphides identified are: pyrite, 

chalcopyrite, galena, sphalerite, acanthite, bismuthinite, stibnite, 
chalcocite, nyrrhotite, pentlandite, and millerite. The last three 
are very scarce. Pyrrhotite and pentlandite were seen only as thin 
Slivers at contacts between bismuth- and iron-bearing sulphides and 
are presumed to be reaction products. Specks of millerite were seen 

replacing niccolite in tne core of a rosette in one specimen only. 
Stibnite was not observed in polished section, but crystals over 


2 cm long, intergrown with dolomite, fiuorite and cyrite, were found 


in two vugs, The only example of chalcocite was cbserved in one of 


these vugs as a thin layer intergrowi with Stage 4 pyrite 
Bismuthinite is extremely common in the sulphide. and sulphosalt-rich 
lenses. It commonly replaces (Plate 10.5}, but is also intergrown 
with bismuth, as well as tetrahedrite, qaiena and matildite. Thes 
five minerals commonly make up a massive rich ore. Indeed, areas In 
the 201 stope commonly contained sotid pods of them over 59 cm wide 
and 2m long and high. The bismuthinite commonly occurs as coarse- 
-grained laths, intergrown with these other minerals. However, it 
also often replaces the base-metal sulphides in fine 'net-like' zones 
along cracks (Piate 5.4). X-ray diffraction data for six bismuthinite 
samples show no variation and are typical of pure BIDS 3 with no 


antimony supstitution. 
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Acanthite is common in the upper levels of the mine, where it 
occurs patchilly in Stage 3 carbonates. It is commonly smeared-out 
by late fault-movements. In the second-ievel samples it is not common 
and occurs only as local replacements of massive silver in arsenide 
cores (Plate 6.5). Acanthite is often seen in thin films on fractures 
and working faces in the mine a few months after they were blasted. 
Such 'silver glance' is common in silver mines (Boyle, 1968). 

Pyrite and the base~-metal sulphides are common in the veins, but 
are not volumetrically important. They occur as isolated euhedral 
crystals and monomineralic bands in the Stage 3 carbonates, althcugh 
galena and chalcopyrite are also common as blebs and lenses in the 
sulphosalts. Galena has often been smeared-out by later movements on 
the faults (Plate 9.4). Galena, chalcopyrite and tetrahecrite are 
commonly intergrown in blebs in the Stage 3 dolomites. Pyrite and, very 
rarely, chalcopyrite overgrow the Stage 4 calcite scalenohedra in a 
thin layer of fine crystals. 

Many of the base-metal sulphides are clearly remobilised from the 
skarn by the veins. However, there is a volume problem in that galena, 
which is the least common in tne skarn, 1s the most abundant in the 
veins. Consequently, there must have been an introduction of base 
metals in Stage 3, along with the bismuth, silver and sulphosalts. 

Sulphur isotope data from the vein sulphides are shown in Table 9. 
It proved possibte to sample only one coexisting pair of sulphides 
whose 6S3" fractionation is experimentally documented - the chalcopyrite 


and galena in TM 25-10. The fractionation of +5.0%, (Cp-Gn) indicates 
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fable 9. Sulphur Isotope Vaiues of Vein Sulphides and Sulphosalts 


in tne Terra Mine. 


Sample Mineral Paragenetic 
Stage 
TM21.4C a.Chalcopyrite in coarse Dolomite 3a 
b. i overgrowing a. 3b/4? 
TM24.1 Fine Galena impregnating chloritised 3a 
wall-rock 
™M25.8 Massive Matildite on edge of Dolomite vein 3b 
TM25.i10 a.Galena in Sulphide band 3a 
b.Chalcopyrite in a. 3a 
TM30.1A Chalcopyrite in Dolomite 3b 
TJ3.1A Chalcopyrite on late Calcite in Yuga 4A 
TJ11.2A Chalcopyrite (With Tetrahedrite) in 3b 
Fluorite and Dolomite. 
tole Pyrite on Calcite in Vug 4 
TASS a.Chalcopyrite in Dolomite 3a 
b.Tetrahedrite in a. 3a 
A2.1 Bismuthinite with Bismuth 3b 
A2.18 Matildite in Dolomite 3b 


* Samples with more than 20% CO, in the extracted gasses. 
3 3] 


: Analysis repeated and confirmed. 
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that if the minerals are in isotopic equilibrium, then they formed at 
something less than 50°C (Kajiwara and Krouse, 1971). This is 
considered unreasonably low, and the conclusion is that the sulphides 
are not in isotopic equilibrium. There is no available data of 
fractionations between the other base-mnetal sulphides, acanthite, 
bismuthinite or sulpnosalts. 

The results do indicate, however, the small spread of the isotopic 
values and the very close similarity to those of the skarn sulphides. 
These low values and the small spread are typical of magmatic 
hydrothermal deposits (e.g. Jensen, 1967). The only disparate value 
is for the very late-stage pyrite (TJ 19.1) - the datum was checked 
by resampling and analysing, and the first result was duplicated to 
within tne limits of error. Such nighly negative values are not 
common and are usually taken to represent biogenic fractionations or 
sulIphate-sulphide reductions at low temperatures (Sakai, 1969). This 
pyrite was formed after the main mineralisation and represents a 
fundamentally different source of sulphur from that of the other 
sulphides in the area. 

One sample of bismuthinite was analysed using the electron 
microprobe. The results are shown in Table 11. Problems with the 
analyses are described in the following section on sulphosalts. 
Essentially, the mineral contains only about 2% Pb, and smali amounts 


of Aq, Zn, As and Sb. 
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The sulphosalts occur as massive and mixed ore, as complex 
replacements of arsenides, or as intergrowths with sulphides, In 
polished section and hand specimen they are all closely similar, and 
different phases are recognised only by subtle nuances of colour in 
polished section. The complexity of intergrowths often makes X-ray 
diffraction work impossible, and certain identification can only be 
made after microprobe analysis. 

Pyrargyrite (Ag,SbS3) was seen in a number of hand specimens as 
small flakes on shear planes, along with acanthite. It is considered 
to be a late-stage alteration product of other silver sulphosalts. 
Pavonite (AgBi 35,) occurs rarely as rosettes of tiny fibres growing 
between large dolomite crystals at vug centres. Again, it is presumed 
to be the product of alteration of other sulphosalts. Pavonite has 
been recorded previously only from Bolivie (Ramdohr, 1969), where its 
paragenetic position is not documented. 

Stephani te (Ag.SbS 4) was identified from X-ray diffraction data 
only, in a mixture with matildite. The two occur as blebs with fluorite 
and chalcopyrite in Stage 3 dolomite. Stephanite could not be 
distinguished from matildite in polished section - Ramdohr admits that 
the two can be “dangerously similar". 

Polybasite (Ag, gSboS44) was identified from an X-ray diffraction 
pattern only. The sample was taken from a bleb of sulphosalts in Stage 
3 dolomite. Tetrahedrite and argentite were the only minerals 


positively identified from polished section alone, although small 
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grains of other sulphosalt phases were noted. 

Matildite and tetrahedrite are the two most common sulphosalts at 
Terra. Matildite (AgBiS.) forms the end member of a solid solution 
series with miargyrite (AgSbS,) and intermediate members are generally 
known as 'aramaoite'. The X-ray diffraction pattern changes with the 
substitution, and a progressive change is shown by the (C02) line. 
Powder photographs were prepared for 10 matildites and the data are 
shown in Table 10, where they are compared with published values for 
the members of tne solid solution series. It is clear that the Terra 
Samples are mostly pure matildite end members. 

Matildite forms in massive patches: as interqrowths with bismuth, 
tetrahedrite, bismuthinite and galena (contrary to data in Harris and 
Thorpe, 1969); as replacements of arsenides (Plates 10.2, 10.3 and 
10.4}; ov as minute exsolved blebs in tetrahedrite. It is especially 
common replacing Co-rich arsenides, often selectively, in certain 
zones. In these zones it has grown with, or is replaced by fluorite 
(Plate 10.3). The matildite shown in Plate 10.2, and another 
occurring as exsolved blebs in tetrahedrite, were analysed using the 
electron microprobe, and the results are reported in Table 11. I[t 
can be seen that they are very similar and are pure matildites with 
no antimony or arsenic substitution in the bismuth site, thus 
confirming the X-ray diffraction data. Tnese data agree well with 
earlier observations on matildite from the surface outcrop of the 
Number 8 vein (Harris and Thorpe, 1969). 


Although galena and matildite commonly occur together, the 
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Table 10. d-Spacinas of the Principal Diffraction lines of ten Matildite 
samples from the Terra Mine, compared with data from Ramdonr 
(1969)* and the A.S.T.M. Index (1972). 


Sample dA(002) dA(011) dA(020) dA(200) 
1 2.80 3,30 2.04 be 
2 2,80 3.28 9.02 1.97 
3 2.80 3,26 2.02 ey 
4 2.81 3.30 203 1.98 
5 2 3,30 2.03 ae 
6 2.8] 3,29 2.03 186 
7 2.82 2180 2.04 1.97 
8 2.83 380 2.04 1.97 
9 2.83 i 2.04 1.97 
10 2.84 3199 2.02 1.97 
Matildite* 2,83 3.32 2.03 1.963 
Aramaoite* 2.04 eagle! - - 
Miargyrite* 2.88 3.42 - - 
Matildite’ 2.84 A033 2.03 1296 
Aramaoite” Cor Seer 2 02 1.94 
Miargyrite 2.88 3.44 pa7s 1.96 


Operating conditions for samples 1-10: 
Radiation: Cuke .Filter: Ni. Exposure: ts inourseat, 25 K. volts and 
i5m.amps. 
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Sample TUXO2. idk. TUXOZ SII. TJ10.1B Td11.2D 
_ wt.%. 
Ag 1y8 515,69) i2sel 23.0 0.46 
Cu eA SAG aaa ys TORRES Qe aks 0.41 
Pb 0239 (0546) 20.25 0.20 A seR 
Zn TeOS a deGa )) 80754 0.50 0.69 
Fe 4.48 Ogle 9 0 
As One (0516) 0.4 Q.1 Oieet 
Sb salad (Aggie a Te 0 Uae 
Bi 0.6 46.7 47.6 inhale 
S De Oates 1) 200) (A058) 2339 
meat 9760 (94.33) 92.82 63.15 99,59 


Table 11. Electron microprobe analyses of Tetrahedrite, Matildite and 
Bismuthinite.Backaround corrections have been made on all 
the results. Resuits for sample TUX02.1dk. were further 
corrected using Probedata (Smith and Tomlinson, 1970), and 
are shown in parantheses. Complete scans were made on a}l 
the samples and no other elements were detected. The 
Analytical conditions are shown in Appendix 2. 


TRU eva als Tetrahedrite 
TUKO2e ht Matildite 
ed ee Matildite 


TL be Bismuthinite 
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presence of the galena wherever matildite occurs is not a pre-requisite, 
as appears to be the case in many other occurrences, and the common 
Widmanstatten-texture intergrowths were not seen in Terra samples. 
However, specks of gaiena were found in one sample during electron 
microprobe studies. X-ray scanning photographs (Plate 10.6) show 
matildite replacing Co-rich arsenides, and containing minute 
exsolution blebs of galena (Fig. 44). Matildite and galena form a 
complete solid selution above 215° (Craig, 1967), but break down into 
exsolution intergrowths below this temperature. If the mineralising 
fluid is below 215°C initially, then galena-free matildite may form 
- aS appears to be the case in most of the Terra samples. 

Tetrahedrite is common, intergrown with sulphides and sulphosalts. 
It has not been observed replacing any of the earlier phases of 
“mineralisation. In more inassive patches it commonly contains 
exsolution blebs of silver, bismuth, galena, matildite and chalcopyrite. 

X-ray diffraction data for five tetrahedrites from different 
associations showed little variation. Electron microprobe analyses of 
one tetrahedrite (Table 12) (containing exsolved chalcopyrite and 
matildite) show it to contain considerable amounts of silver with a 
little iron, lead and zinc substituted for copper, but no bismuth and 
little arsenic substitution in the antimony site. Calculations of 
the structural formula (Table 13) show the tetrahedrite to be fairly 
Stoichiometric. It compares closely with araentiferous tetrehedrites 
from the Cobalt area (Petruk, 1971), but does not contain enouch silver 


to be classified as a true freibergite. 
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TUXO2.1dk. 


Atomic % Atomic proportions on the basis of 
13 Sulphur atoms. 


Ag 9.42 2.59 
Cu Poa It 
Pb 0.14 0.04 
Zn Leor 0.50 
oc 
Fe - ey 
As 1 4a 0.39 
Sb 13.94 oe OF 
Bi 0 0 
4.23 
S ATve2 13.0 


This corresponds closely to the ideal Tetrahedrite formula of Myo Na $43 
The deficiency in the M site can be accounted for by Iron, which was 


analysed jater, and for which corrections were not made. 


Table 12. Atomic percentages of elements in the Tetrahedrite sample. 
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The data in Table 11 have not been corrected and it is pertinent 
at this juncture to explain why. Considerable problems arose with 
the microprobe analysis of the sulphosalts, and it is as well to 
trace some of the problems and their solutions here, so that other 
workers may avoid the same pitfalls. 

In 1970, tetrahedrite and an exsolved phase, thought to be 
galena, were identified optically in Sample TUX 02.1. A short electron 
microprobe investigation showed that the tetrahedrite contained Sb, S, 
Cu and Ag, with traces of Zn, As, Pb and Bi. The ‘galena’ was found 
to contain Ag, Bi, S and traces of Cu, Zn, Pb and As. Bi and Pb were 
analysed using M-lines, for which the correction programme ‘Probedata’ 
(Smith and Tomlinson, 1970) has no data. The results were consequently 
not corrected for atomic number, fluorescence and absorption effects. 
Apparent concentrations, however, indicated that these were complex 
sulphosalts, and a complete analysis was proposed. 

In 1972, during examination of over 200 polished sections, two 
sulphosalts which could not be positively identified were often found. 
Samples (TJ 10.1B and TJ 11.2D) containing these were selected for 
analysis. 

Early in 1973, complete X-ray scans were mace of all four minerals 
and only Ag, Cu, Pb, Zn, As, Sb, Bi, S and (in one) Fe were detected. 
Analyses using K- and L-lines only were carried out, and apparent 
totals in excess of 100% were found (Table 13). Subsequent 
corrections using Probedata only increased this excess! 


The analyses had been set up with some care (perhaps not enough, 
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as it happened) to avoid especially fluorescence effects and 
inaccuracies from 'tail-effects' of overlapping peaks. Counting 
procedures were arranged in such a way that any sample inhomogeneities 
would be detected. The only inhomogeneities were in the bismuth 
content of the tetrahedrite (< 0.1%) and in the bismuth and lead 
contents of TUX 02.1 Lt. In the latter case, the apparent variation 
was between grains, but not within single grains. 

Results of this first analysis indicated that the apparent 


ercentage of lead varied proportionately with the apparent percentage 
ad 


of bismuth. It was immediately suspected that there had been an error 


in setting and that the effects of overlap of the Bila and PbLoa peaks 
had not been fully avoided. Consequently, a scan was made over the 
peaks for standards and samples and it was found that there was far 
less lead in the samples than the original analyses had indicated. 

Tne samples were re-analysed for bismuth and lead. Background 
measurements were taken below the PbLa and above the Bila peaks, ard 
corrections from the peaks were made using a graphical extrapolation. 
The results of this analysis show very little lead in the samples 
(Table 11). It was also now found that all grains in TUX 02.1 Lt were 
the same, and that the inhomogeneities had been apparent. However, 
the apparent totals were still in excess of 100% and the minerals were 
Still not identifiable. It was thought at this time that there might 
be new minerais, and the results were corrected again using Probedata. 
The correction factors were impressive (mainly due to the great range 


in atomic numbers of the analysed elements) but the totals increased 
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once more. It was noted, however, that the fluorescence correction 
for sulphur was small. It was known that bismuth fluoresced sulphur, 
and because of the amounts of bismuth in the samples it was thought 
that this correction should be larger. It was finally realised that 
the fluorescing tine was BiMa, and that the correction programme was 
not ‘aware’ that this line existed, and couldnot, therefore, make the 
correction. Consequently, the results were corrected again, tnis time 
assuming the percentage of sulphur by difference. These data showed 
Sample TUX 02.1Dk to be a reasonable stoichiometric tetrahedrite. The 
remaining samples were still not identifiable (although the data were 
not much changed), and were thought to be new minerals. There were, 
however, still some doubts. I[t was apparent that the amount of 
excess in the analyses was approximately proportional to the 
-percentages of.copper and bismuth. . In addition, Samples TUX Q2,1Lt 
and TJ’ 10.1B were remarkably simijar in all respects, except for 

the percentage of copper. To cledr al] suspicion and confirm three 
new minerals, the samples were checked for their copper content - 
complete scans over the copper peak showed only trace contents in all 
the samples! From where had the original apparent copper counts 
come? The immediate suspect an bismuth. Close investigation, 
however, revealed no bismuth line of any sort in the CukKa region. 
Consequently, re-analysis for copper was proposed, and on this 

run iron was also analysed, to see if its presence accounted for 

the apparent metal deficiency in the tetrahedrite. 


The results were alarming (Table 13). The iron content of the 
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tetrahedrite was of the vignt order to fill the deficiency, and 

there the analysis of tetrahedrite rests. The apparent copper content 
of the tetrahedrite was changed only in the second decimal place by 
this analysis, which indicated that there could be no setting-up error 
in the first run. However, the copper contents of the remaining three 
Samples were reduced to less than 1% and the resultant apparent totals 
to less than 100%. The counts for copper on the standard before and 
after the sample analyses were almost identical. It would be an 
incredible coincidence if some eiectronic malfunction were to operate 
to give spurious copper counts during the exact extent of the last 
three analyses. There is at present, there fore, no apparent 
explanation for this anomaly, and none is offered. 

Subsequent processing of the final results indicates that two of 
the samples are matildite and one bismuthinite. Scrapings of the 
sulphosalt-arsenide intergrowths were taken, and X-ray diffraction 
patterns of this material revealed that lines of matildite or 
bismuthinite respectively were present. Consequently, since these 
were not, after all, new minerals, the results were not corrected - 
it was thought that the corrected data were not worth the cost of 
computation. 

New sources of error in microprobe analysis have been found and 
mistakes that might have been avoided with a little more care were 
made. The tale is told as a warning to future analysts of complex 


sulphosalts. 
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Fluorite, Green Mica and Feldspar-Mica Veins. 

Fluorite is abundant in the Stage 3 carbonates, intergrown with 
Sulphides, sulphosalts and green mica. It is usually coarse and 
well crystallised, but in places occurs as thin growth-bands in 
dolomite. It may be pale blue, green or deep purple. Often the 
three are intergrown. Simple heating experiments did not alter the 
colour of the fluorites, at least up to the temperature of a bunsen 
burner (~ 800°C). It is concluded that the colour is simply a 
function of structure or trace-element content. 

Fluorite commonly replaces silver, bismuth and arsenides (Plates 
10.1, 10.3 and 7.2), and where it does, so it is invariably purple. 
There appears to be no mineralogical contro! on the occurrence of blue 
and green fluorite, and purple fiuorite is also common away from areas 
of silver, bismuth or arsenide mineralisation. In places, the 
wall-rocks are impregnated with the mineral and, beyond the limit of 
nineralisation, the thin-banded carbonate beins often contain streaks 
Ona Le 

Veinlets and pods of a pale green mica are also comnon in Stage 3 
carbonates and in the wall-rocks nearby. Veinlets are thin and fibrous, 
with the fibres oriented normal to the vein walls. Pods are made up 
of masses of veiniets and bunches of thin sinuous sheets. The 
morphology and colour of the mica are such that it was initially 
identified in hand specimen as a serpentine mineral. However, thin 
section and X-ray diffraction studies showed it to be a muscovite. In 


thin section the fibrous nature of the mica is well seen and 'flames' of 
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mica extend into the surrounding dolomite (Plate 5.8). Very rarely, 
massive, dense, fine-grained patches are found. 

Tne mica veinlets cross-cut bismuth mineralisation (and all 
preceding stages) but are coeval with the sulphosalts, sulphides and 
fluorite. The veins themselves are unmineralised, but are most 
commonly associated with blebs of chalcopyrite. The mica contains no Cr. 

An electron microprobe analysis of tne mica shown in Plate 5.8 was 
kindly performed by C.R. Ramsay, and the results are shown in Table 14, 
On an AKF diagram (Fig. 45) it can be seen that the mica is a typical 
phengitic muscovite. The colour. and.morphology remain unexplained. 

Three pegmatitic veins containing seams and pods of this mica have 
been found in the mine. They consist mainly of coarse, pink K-felidspar 
with interstitial quartz, fluorite and chalcopyrite. The veins are 
not long and the targest is just over 25 cm wide. The centres are 
vuggy and filled with jarge quartz crystais. Tne veins cut arsenide, 
silver and bismuth mineralisation, and are clearly coeval with the 
sulphosalts, sulphides, dolomite, quartz and fluorite of late Stage 3. 
The green mica veins and pods were clearly derived from the same 
Source as the pegmatitic veinlets. Neither type of vein has been 
observed elsewhere by the author, and there are no reports of similar 


veins in the mines in the Echo Bay area. Their origin is not known. 


Haematite 
Haematite is the most ubiquitous of the vein minerals, being 


present in one form or another in every stage. Usually it is manifested 
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Oxide ie 
S10, 48.97 
7340) 0.02 
AV,9. 28.9] 
Fed, 4.03% 
MnQ aaa 
MgO 0.89" 
Cad 0.04 
Na,0 Che) 
(& 
K50 10.77 
Ho 0 “4.50 
Total 98.33 


* Average value. Grain variation from 1.97- 4.96%, 
on i Pore 
Average value. Grain variation from 0.35- 1.98%. 


Table 14. Analysis of the Green Muscovite in sample TX24.4, 
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A = AlOz-(Na,0+ Kp0] 


Vigan K = Ko0 + Nas0 
\ 
p\TX244 F=2FeO+MgO + TiO 
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Figure 45. AKF diagram for the Green Muscovite. 
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by a red dusting of carbonates, especially in the arsenide stage. 

This redness is more extensive in the earliest vein material. Coatings 
of haematite appear on quartz and carbonate crystals in Stage 3 and 
again on the youngest carbonates. Needles in rosettes are common in 
vugs, between dolomite crystals,and strongly resemble those of 


navonite. 


Alteration Minerals 

Annabergite, erythrite, malachite, azurite, goethite, hydrozincite 
and wad were all identified in surface outcrops of the Number 8 vein, 
which is extensively weathered. Annabergite and erythrite form in a 
matter of weeks on massive arsenides left in ore-piles on surface, and 
were noted a number of times underground. The veins are not oxidised 


below about 2 m beneath surface. 


f) Paragenetic Sequence and Depositional Conditions 

The paragenesis is shown schematically on Figure 46. Each period 
of mineralisation was preceaed by movement on the faults which cracked 
cpen the veins that had been sealed by the previous phase, and 
permitted an influx of further ore-fluids which again sealed the veins. 
Aithough it has been proposed that the main faults were active during 
the time of batholith emplacement, the mineralised faults were not 
generated until after this event. First movements on the Terra fault 
offset the contact and aureole of the stock, as well as the skarn 


sulphides. The morphology of the veins that filled dilatancies caused 
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by this first movement is not known, for only brecciated remnants are 
found. However, uraninite, haematite, quartz and dolomite were 
introduced soon after, and this phase is probably correlatable with the 
initial introduction of uranium into the Giant Quartz Veins throughout 
the Bear Province. Data from Clayton and Epstein (1958) indicate 
temperatures (from 0!8 fractionation data) of 140°C and 150°C for this 
stage of mineralisation in the Eldorado Mine, and Robinson (1971) 
reports a temperature of 150°C (from fluid inclusion data) for this 
stage at the Echo Bay Mine. 

The first phase of vein mineralisation: is different in character 
from the others, and substantial fault-movements preceded the following 
Stages.. Subsequently, a series of multi-element ore-fliuids were 
introduced into dilatancies during small repetetive movements on the 
faults. Tne constancy of oxygen and carbon, and suipaur isotopes 
from dolomites and sulphides, respectively, indicates that all these 
fluids had the same source. However, the metal content of the veins 

-changes progressively (a fact which may indicate a changing source). 
This paradox can be explained in four ways: 

1. The parent-fluid acted as an infinite source for carbon, 
oxygen and sulphur, but had such low metal contents as to be depleted 
in each metal as its salts were precipitated in the veins. 

2. The parent-fluid remained unchanged, but the physical and 
chemical character of the areas of deposition altered, sucn that 
different metals were deposited, but sulphur, oxygen and carbon 


remained in equilibrium with the parent- fluid. 
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3. Each period of vein-filling may represent a different ore- 
-fluid, but one whose carbon, oxygen and sulphur were derived from a 
similar source, 

4, The ore-fluid was evolving, but the sulphur, oxygen and 
carbon continually attained equilibrium with the host rocks. 

In order to see whicn explanations are the more probable, it is 
important to know the depositional temperatures of each stage. 

In Stage 2a, Siiver and arsenides were both formed, but rere 1s 
a general sequence from Ni-rich to Co- and Fe-rich in the arsenides. 
This probably represents a cooling, and it seems to be general that in 
Ni-Co deposits nickel minerals were the first to precipitate. Chlorite 
was introduced prior to tne arsenides and remained unaffected by any 
later mineralisation. Cnlorite breaks down at 600°C (Fawcett and Yoder, 
1966) and so the temperature can never have exceeded this. Rammels- 
bergite ideally inverts to pararammelsbergite at 590°C+10° (Yund, 1961). 
Although others have used this as a minimum for deposition of 
rammelsbergite alone (Petruk, 1971, 1972), it is likely that ina 
mixed, complex system the inversion occurs at much lower temperatures, 
if at all (Yund, 1961). Pararammelsbergite was not found in the Terra 
veins. Robinson (1971) quotes temperatures of around 200°C for the 
arsenide stage in the Echo Bay Mine. 

The temperature of deposition throughout Stage 3 can be well 
documented from the various assemblages present. For example, pyrite 
coexists with silver at the start of Stage 3, and the two should react 


to form pyrrhotite and argentite at 235°+25°C (Barton and Skinner, 1967) 
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this reaction was not observed. For the latter part of Stage 3a and 
all of Stage 3b, the temperature can never have exceeded 271.5°C, the 
melting point of bismuth. In Stage 3b, galena was exsolved from 
matiidite in only one example. in all other cases the two were deposited 
individually. Experimental evidence shows that the two form complete 
solid solution above 215°+15°C (Craig, 1967). It is presumed that 
the depositionai temperature was on the order of 210°C at the start of 
Stage 3b. At the end of this stage stephanite was deposited, and this 
is unstable above 197°C (Keighin and Honea, 1969). 

Fluid inclusion and sulphur isotope data from similar stages of 
mineralisation at Echo Bay show a temperature range from about 230°C 
at the start of Stage 3, to about 100°C by the end (Robinson, 1971). 

The physical nature of minerals in Stage 4 indicates low temperatures 
of deposition, and pavonite, though stable at higher temperatures, is 
typical in the late stages of silver veins, deposited at temperatures 
around 100°C (Ramdohr, 1969). 

From this data a time-temperature curve can be constructed 
(Fig. 47). The availability of various elements in the ore-fluid is 
assumed to be equivalent to the amount of each eiement precipitated at 
the various stages, and is also represented in Figure 47. From this 
it is apparent that the ore-fluid for Stage 2a was geochemically quite 
different from the later multi-element fluids. Stage 2b to 3b could 
have been deposited from a single ore-fluid, or from two separate ones. 
The single fluid hypothesis is preferred because of the presence of a 


number of elements common to all the stages. 
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Did this single fluid evolve, from being Ni-Co-Ag-As-rich to being 
Ag-Bi-base metal-rich, or did it contain all the elements but only 
precipitate each under certain conditions? In one case we require a 
changing Source condition, and in the other, changing depositional 
conditions. Since it has already been shown that the depositional 
temperatures vary, it is likely that it is these that control precipitation, 
and that the ore-fluid remained fairly constant throughout. It is 
unlikely that the paragenesis represents a single sequence of 
crystallisation because of the time and complexity of events involved 
in a number of depositional stages. 

A discussion of the source and evolution of the ores follows the 


description of the other deposits. 


g) Ore Potential 


The controls of mineralisation outlined above make it unlikely 
that ore will be found in these veins beyond the confines cf the 
skarned tuff and calcargillite horizon. On the Terra peninsula there 
are a few other secondary faults (albeit smaller than that on which 
the mine is situated) cutting this horizon, and they are sites for 
potential reserves. The limited horizontal extent of mineralisation 
and the high costs of mining will make exploitation impracticable below 
a depth of 200 mm unless the ore at depth proves considerably richer. 
The Echo Bay Mine cannot operate profitably with silver values of much 
less than 100 oz/ton and the mineralisation continues far further 


there than in the Terra Mine, Recent figures published by Terra for 
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the six months ending in February, 1973, show that 1.76 million oz, 
Stlver were recovered. At the milling rate of 175 tons/day, this is 
equivalent ot a mill head vaiue of just under 79 oz/ton, and realised 
a net profit of a little over $500,000. This ore was recovered from 
tne third level, which was considerably richer than much of the first 
-and second levels. Should these grades continue at depth, much of the 
net protit will be taken with increased mining costs. Consequently, 
it is important that the mine discover new reserves at shailower 
levels. 

Since this thesis was first written the prices of silver and 
copper have jumped from $1.50 to $2.50 and 45 cents to 70 cents 
respectively. Price fluctuations of this nature substantiaily affect 
the economics of this mine and if the new prices hold, mining over the 


“next few: vears should realise good profits. 
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PLATE 5 


1. Marcasite crystals with fingerprint texture, being cut by 
pyrite (white). Sphalerite (dul] grey) replaces the 'finger- 
orints', giving a net texture. Chalcopyrite (pale grey) and 
sphalerite surround the grains, Terra: Stage Aes Ape abe 

2.  Tremolite being replaced by sphalerite (grey) on margins of 
a chalcopyrite band. Terra: Stage 1. pr alse 

3. Marcasite with ‘fingerprints! of silicate, overgrown by pyrite 
(white). “lerra: Stade ler GEL 

de) (Cataelastic pyrite being replaced by bismuthinite (grey) 
especially in cracks. Terra: Stage 3A. i es Be 

5. Carbonate (black) cut by pyrite (white), galena (scratched) , 
chalcopyrite (pale, in galena), sphalerite (dull arey) and 
quartz (on right) vein. Terra: Stage EE Ue h A 

6. Fractured arsenopyrite annealed by dolomite. Lypka Vein. P.P.ik 

7.  Bornite (grey) exsolving chalcopyrite (white) and later 
chalcocite and some covellite (dark). Jason Vein. P.P.L. 

8. Green muscovite (pale) overgrowing carbonate (dark) on edge 


of muscovite vein. Terra: Stage 3. P.P.L. 
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PLATE 6 
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PLATE 7 


1. Sample current and Fe, Ni and Co X-ray scanning photographs 


for the zoned arsenide dendrite in Pil atectrss Terra. 


SG 2 sweeps Emo 
Fe 7 x 10*Jcounts x 2 
Co, Ni~ 8 x 10* counts 15 KV 


Sample current and Fe, Ni and Co X-ray scanning photographs 


for a zoned safflorite wnose core has been replaced by 


fluorite (F). 


Terra. 
SU 3 sweeps Foo xe 


Cos cis) Fe ome 10% counts 15 KY 


Ca 


PLATE 7 


Pop cg 


1.  Spherules of uraninite (grey) around quartz (black) and 
silver (white) on margins of a niccolite (pale) rosette. 
Terra: Stage 2. P.P.L. 

X-ray scanning ohotograph of uraninite spherules around quartz 
for U, showing weak concentration of U in quartz. 
y 8 x 10" counts) | F 16 =xi4 a coeny 

2. Uraninite rim around silver (white) surrounded by safflorite 
rosettes (grey). Terra: Stage PRS ied tee Bs 
Sample current and U, Ag and Pb X-ray scanning photographs 
of a similar feature snow the uraninite rimming silver that 
contains uranium, and the concentrations of radiogenic lead, 
some of which has recrystallised as galena 


U x 10% counts 29 KV 


on 


Pb x 10° counts fF 16 


8 
Ag 8x 10% counts x 1 


CO 


Se sweeps 
3. Remnant zoned spherules of uraninite in dolomite being 
replaced by silver. The darker patches in the uraninite are 


richer in lead. Terra. P.P.L. Oil immersion. 
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PLATE 9 


Hand specimen (x 1) and autoradiograph pictures showing the 
concentration of uranium minerals in fragments and streaks in 
the Stage 2B white dolomite. Terra. 

Hand specimen (x 1) and autoradiograph pictures showing 
concentration of uranium minerals on the margins of silver 

and arsenid mineralisation in Stage 2B dolomite. Terra. 

Hand specimen (x 42) and autoradiograph pictures showing close 
correlation of uranium and silver in Stage 2 dolomite. Terra. 
Hand specimen (x %) of Sample TX 7.6, representing half of a 
symmetric part of the #8 vein at Terra. 

a) Fragments of haematite-quartz-uranium rich rock in Stage 2 
dolomite. 

b) Dendritic arsenides and silver in Stage 2 dolomite. 

c) Stage 3 dolomite with chlorite, haematite and bismuth. 

d) Faulted margin of vein containing gouge, rock fragments and 
veinlets of galena and matildite. 

Close-up of silver dendrites in Stage 2B dolomite over Stage 2 
dolomite, with chlorite streaks, cementing red fragments. 


Terra. xX %. 
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Bismuth (scratched) overgrowing skutterudite (pale) in dolomite 
(grey-black). Fluorite (black) overgrows the bismuth with 
‘teardrop! texture. Terra: Stage oe ob ed ke 
Matildite (grey) selectively overgrowing zoned skutterudite 
(white), around remnant quartz. Terra: Stage at a be 
Matildite and other sulphosalts (grey) overgrowing zoned 
safflorite-skutterudite rosettes (white). The original carbonate 
matrix has been replaced by fluorite (black) which has also 
grown with the sulphosalts on the margins of the rosettes. 
Terra: Stage 3. Etched by 1 minute rough polishing on card. 
rae et be 
Matildite (grey) and fluorite (black) overgrowing zoned 
arsenides, selectively replacing them. Terra: Stage 3; \P2eaue 
'Speck zones' and massive bismuth replacing cobalt skutterudite 
in dolomite. Bismuth is in turn replaced by bismuthinite (grey). 
Terra; Stagersu Pen: 
Ag, Bi and S X-ray scanning photographs of matildite around a 
safflorite rosette, which is being replaced (dark, on left). 
Black inclusions in the matildite (Ag, Bi deficient) are 
exsolved galena. Dark on right is quartz. Terra: Stage 3. 

Ag, Bi, S 8x 10% counts 29 KV F 16 


1 grid square = 604 
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PLATE 1] 
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Specks of sphalerite and galena (white) in ‘porphyry’. 

Norex: Stage 1. P.P.L. 

Cubes and 'Marienberg crosses' of silver in niccolite. The 
silver overgrows the arsenide into remnant, interstitial 
dolomite. Norex: Stage 2. P.P.L. 

Silver stringers cutting intergrown saf¥florite (darker) and 
rammelsbergite in an arsenide dendrite. Norex: Stage 2. 
Normarski phase interference optics. 

Zoned, twinned safflorite rosette in dolomite. Note the 
mimetic star-shaped twin (upper left). Norex: Stage 2. 

Half crossed nicols. 

Salt and pepper ore. Silver in quartz. Norex: Stage 3. P.P.L. 
Cataclastic pyrite (white: Stage 1) with sphalerite (grey) 
filling cracks and overgrown by sphalerite and chalcopyrite and 
galena (similar-medium grey). Silver Bay. P.P.L. 

Quartz (black) overgrown by chalcopyrite, sphalerite, galena, 
tetrahedrite and bismuth. Possibly emplectite as a reaction 
zone between bismuth and chalcopyrite. Silver Bay: Stage 3. 
Date 

intergrown chalcopyrite and galena with exsolved specks of 


tetrahedrite and bismuth. Silver Bay: Stage 3. P.P.L. 
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PLATE 12 


1. Sample current and Ni, Co and Fe X-ray scanning photographs of 
a safflorite rosette with silver in the core, in dolomite. 
Norex: Stage 2. 

Ni, Co, Fe  &- 103 countsaml (3) ex eee 
36 3 sweeps 


2. Yenoliths of altered tuff in massive magnetite-apatite. 


Terra. 

3.  Pegmatitic apatite with interstitial magnetite-apatite. 
Terra. 

4. Pecmatitic actinolite growing normal to vein margin (on left). 
Jason Bay. 


5.  Cataclastic apatite, in a mesh of magnetite. Terra. 
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PLATE 13 
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Fiow banded magnetite-apatite. Terra. 

Crushed apatite and actinolite veinlet cutting coarse 

apatite (above) and intergrown apatite and actinolite (below). 
Terra. P.P.L. Transmitted. 

Fractured apatite crystals with interstitial actinolite and 
magnetite. Terra. P.P.L. Transmitted. 

Pegmatitic apatite and amphibole with interstitial quartz and 
late haematite. Terra. P.P.L. Transmitted. 

Fractured magnetite-apatite band in a 'crystal-mush' of 
magnetite and apatite. Terra. P.P.L. Reflected. 

Magnetite (white) and quartz (dull grey) filling cracks in 
pegmatitic apatite (dull grey). Terra. P.P.L. Reflected. 
Magnetite (dull) replaced by haematite (pale) with spindles of 
ilmenite and intergrown oxides exsolved on three crystallographic 
planes. Jason Bay. P.P.L. Reflected. 

Close-up of a complex exsolved spindle in haematite (pale) 
replacing magnetite (dull). Spindle consists of intergrown 
magnetite, haematite and ilmenite. Jason Baye webs. 


Reflected. 
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PLATE 14 


+. Zoned magnetite in hastingsite skarn. Terra. P.P.L. Reflected 
2.  Sphene (medium grey) and ilmenite (light grey) exsolved from 
and replacing magnetite/haematite. Surrounded by pyrite (white) 
and quartz. Jason Bay. P.P.L. Reflected. 
3. Fe, Ti, Ca, and Si Scanning Aqray photographs of intergrowths 
shown in 2. 
Fe 5 x 10* counts 
Cu, Ti, Si. WOe counts” Pela een oe 
4. X-ray scanning photographs for Fe and Ti of ilmenite exsolution 
Tamellae in haematite after magnetite (as in Plate 13.8). 
Fa 156 x 102 counts.) \linm dan) 10 seouiee 
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7, THE SILVER BAY MINE 


The surface outcrops of the Numbers 1 and 6 veins (Fig. 48) were 
first worked in 1932 as the Camsell River Silver 
shaft (Fig. 35), respectively. In these early days the price of silver 
was low and, although rich silver ore was mined, it was acid that the 
disillusioned Kiondikers wanted. With the first rumours from 
Yellowknife in 1934, they left and the mine was closed. In 1943 
considerable dritling and trenching were perforned, and the three main 
veins (Numbers 1, 4 and 6) outlined under the aegis of White Eagle 
Silver Mines Limited. It was not until 1968, nowever, that the rich 
ore-shoot on the Number | vein was stoped out by 3i 
Limited. The property was taken over by Federated Mining Corporation 


in July, 1970; a mill was installed, and mining continued until ail of 


the cre on the first level of tne Number 1] vein nad been bagged. The 
high initial expanditure and high cost of exploration work caused a 


temporary cessation in 1972, but new financing is apparently arranged 


for further mining in 1973. 


b) Geology 

The mine is located in a series of massive hornblende-plagioclas 
porphyritic basalts with tuffaceous norizons that form the core of the 
Camsel] River syncline (Fig. 48}. These basalts are metamorphosed toa 


the albite-epidote facies by a granodiorite which outcrops a little 
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over a mile to the east, but whose contact probably dips quite gently 
to the west. The host rocks are often impregnated with pyrite and 
chalcopyrite skarns, or magnetite-actinolite pods and veinlets, all of 
yhich are cut by a thin porphyritic granodiorite dyke. 

The ore-veins fill E-W striking, dilatant tension-fractures 
between major NE-trending faults. There are no offsets on the 
fractures and they appear to cross a third-order NE-trending splay 
fault which contains a barren quartz-carbonate vein. The veins die 
out to tne west, but pass beneath the river to the east, and outcrop 
on the south shore before being covered by overburden. 

The veins are sinuous and highly podiform. On surface the 
Numbers 1 and 4 veins seldom exceed 20 cm in width, but widths of over 
3 m were noted 10 m below surface. The outcrop is virtually 
unweathered, and even though erythrite, annabergite and malachite 
stain the vein carbonates, primary minerals are little altered. Tiny 
patches of radioactive materia! were detected with a scintillometer 
in the richest pod on the Number 1 vein, but no uranium mineral has 
yet been identified. 

The veins are relatively simple and do not splay very much. The 
rocks between the main veins are full of thin carbonate stringers, but 


these are barren and discontinuous. 


c) Wall-rock Alteration 


Some of the brecciated rock fragments in the veins are reddenned 


with haematite, but are not silicified. They appear far less altered 
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than the ‘red chert' at Terra. The host rocks are impregnated with 
carbonate for a few centimetres, and carbonate and epidote replace the 
feldspars in particular for a distance about equal to the vein 
thickness on either side of the veins. Chlorite is common on snear- 
-planes in, and near the veins, and also replaces mafic minerals in the 
host-rock. Nearly all the rock fragments in the veins are cnioritised 
and epidotised, and are interpreted as having been torn from the walls 
of earlier veins during development of the major dilatancies on the 
tension-gashes. Tne wall-rocks around ore-lenses are often rich in 


pyrite and chaicopyrite. 


d)} Location of Ore-lenses 

The main silver ore occurs in shoots in areas where the vein is 
more than 10 cm wide. Where the veins exceed 1 m in width, only a few 
Sulphides are found. The two ore-shoots in the Number 1 vein occur at 
the eastern ends of an area where the vein widens enormously - 7.e. on 
the side closest to the intrusive contact. The location of other 
ore-shoots is imperfectly known, for they have only been studied in 
small surface pits. The outline of the main ore-!lens is shown on 
Figure 49, 

Ore-ienses can usually be predicted underground by an increase in 
the number of 'stringers' close to the vein, and the presence of a 


nebulous sulphide nalo in the wall-rocks. 
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Figure 49. Map and Section of the Silver Bay Veins. 
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e) Details of the Vein Mineralisation 

Details of the Silver Bay veins are limited by the fact that only 
One ore-lens has been sampled, and that much of this had been mined 
before the property was examined. Since the minerals are simiiar to 
those at Terra, descriptions here wili be briefer, and will concentrate 
on the relationships between phases. The paragenesis is shown in 
Figure 5! and will be documented after the following descriptions. 

Most of the carbonates are dolomite, but calcite is intergrown 
with dolomite in some parts of the sequence. Pink and brown carbonates 
in banded sequences were thought to be rhodochrosite and ankerite, 
resnectively, but X-ray diffraction data identified them as having a 
dolomite structure. 

Dolomite in Stage 2 (Fig. 51) is fine-grained and yellow. It 
occurs in very thin stringers, cutting the wall-rocks, and a few 
fragments have been found in the veins. Tne dolomite deposited in 
Stage 3a is coarse and white, and a number of sulphides grow in it 
and replace it. It was deposited on the outer walls of the veins, and 
was overlain by the rhythmically-banded, fine-grained, vari-coloured 
dolomites of Stage 3b, which contain up to ~ 20% calcite. These 
latter dolomites became slightly coarser towards the vein centre and 
are overgrown by quartz. Where the veins widen to over | m, much of 
the carbonate filling is coarse, wnite dolomite, similar to that of 
Stage 3a. It is, however, probably equivalent to all the Stage 3 
carbonate, for it is overgrown by quartz. The Stage 3a dolomite 


contains numerous angular fragments of altered wall-rock, whereas the 
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banded dolomites do not. The bands were deposited sequentially in an 
open space, and reflect beautifully the shape of the vein walls at the 
time, 

Analyses of the oxygen and carbon isotopes in the dolomites reveal 
a remarkably similar pattern to that at Terra (Fig. 50), but there is 
not yet enough data on the calcites. Samples taken from sequential 
bands in the banded dolomites show no regular differences or trend. 

Quartz occurs in three distinct forms in the veins. Firstly, as 
fine granules in the Stage 2 stringers, and usually barren of minerals. 
Secondly, it occurs as coarse, wnite-to-purple crystals, and overgrows 
the banded carbonates: tne crystals have grown at right-angles to the 
vein walis and often form dogstooth growtns into vugs. Thirdly, a 
fine-grained, white,granular quartz occurs in veiniets up to 10 cm 
wide, cutting the banded carbonates and the coarser quartz. This 
invariably contains interstitial silver in a very rich ore, known by 
the miners as 'salt-and-pepper' ore (Plate 11.5). 

Chlorite occurs as thin streaks and veiniets on tne margins of 
veins, and in the Stage 2 stringers. Small patches of botryoidal growths, 
similar to those at Terra, were observed infrequently in the coarse, 
white dolomite. 

Base-metal and iron sulphides are common in the wall-rocks at 
Silver Bay. In part these were formed by the contact metamorphism and 
related events, but the conmon mantle of sulphides round silver ore-lenses 
indicates that some were derived from the veins. Initially, pyrite 


and chalcopyrite formed, replacing mafic minerals in the basalts, and 
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it is assumed that these are equivalent to the Stage 1 skarn sulphides 
at Terra. The Stage 2 carbonate veins effected some recrystallisation 
and concentration of these sulphides, and large patches of marcasite 
replace pyrite. Arsenopyrite was formed at this time, commonly 
replacing wal!-rocks on the edge of the veinlets. 

Foilowing a period of brecciation which sheared arsenopyrite and 
the pyrite/marcasite, sphalerite and galena were introduced and 
overgrow the earlier sulphides, often healing fractures in them 


(Plate 11.6). Base-metal sulphides continued to be deposited in the 
4 ri Nee 


banded carbonates, along with bismuth and silver, and reactions 


between these minerals produced emplectite and, perhaps, tetrahedrite 


et 


(Plate 11.7). During the latter phases of Stage 3, bismuth, silver, 
tetrahedrite and matildite were apparently exsolved from massive 
galena.(Plate 11.8). 

Chalcopyrite and, rarely, bornite were deposited with the Stage 
4 quartz, and acanthite can be seen replacing the 'salt-and-pepper' 
Silver in places. Smears and coatings of acanthite are common on 
fractures in the veins and wall-rocks close to the silver-rich lenses. 

Sulphur isotope ratios for the vein sulphides are shown in Table 
15. They are significantly different from those of any other sulphides 
in the area, both in their absolute values and in their greater total 
range. the similarity of the isotopic values of wall-rock sulphides 
(SBX 10.6) and those in the veins, and their difference from the 


skarn sulphide values elsewhere (Table 4) suggests that these sulphides 


are derived from tne same fluid that deposited the veins. 
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Sample 


Mineral Mode of occurence 


SILVER BAY 


SBX10.18 


SPALL IS 


SEAS. oF 


SBX10.4A 
SBX10.6 


NOREX 
NX20.1C 


NX20.1d 


NXL1L.4A 


Cp 
Gn 


Cp 
Gn 


Cp 
Gn 


Gn 
Cp 
Gn 


Cp 


LYPKA VEINS 


NJ30.2 
NKi.1A 


Table 15, 


Asp 
Pyt 


Sulphur Isotope values for vein sulphides 


Massive sulphides in Quartz-Dolomite 


Veins. 

As above. 

Massive sutphides in Dolomite. 

As above. 

Late Gn. overgrowing above. 
Massive sulphides replacing rock- 
fragments in vein. 

As above. 

Massive Cp in Dolomite vein. 


Massive Sulphides on edge of Ag 
Ore~-shoot. 

As above, 

smear on joint-plane in above. 


Massive sulphides in Dolomite vein. 
As above. 


Disseminated in rock fragments 
in Dolomite vein. 


In dolomite on edge of Ag-Quartz 
vein. 


Brecciated fragments in Dolomite. 


In Dotomite vein. 


and Norex Mines, and from the Lypka Veins. 
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Coexisting sulphide pairs give fractionations of: 
aS °**Cp-Gn = 49120 .3%.2 65>" Co-Gn = +2.320.2%5 and 65°™ Pyt-Cp = 
1.8+0.3%.. Using the calibration curves of Kajiwara and Krouse (1971) 
these fractionations indicate formation temperatures of 120°C, 255°C 
and 230°C, respectively. Since the first two temperatures are 
derived from coexisting sulphides in samples taken 1 m apart, from 
the same stage in the same vein, it is unlikely that these derived 
temperatures are meaningful: the minerals may not have been in 
isotopic equilibrium, or may have been differentially altered later. 
Tne pyrite-galena pair in SBX 10.3 is clearly not in equiljibrium. 


Niccolite, rammelsbergite, safflorite and skutterudite are the 


only arseniues that have been recognised. Satflorite and skutterudite 


grew as rosettes in the wal!-rocks in Stage 3a, and lecaliy as 
vermiform growths in the coarse,white dolomites. Where they occur in 
carbonates they are stronqly overgrown by sulpnides and sulphosalts. 
Niccolite grew as botryoids, always witn thin rammelsbergite skins. 
These grow into the banded carbonates, and often overgrow base-metal 
sulphides and tetrahedrite. Very occasionally the niccolite contains 
grains of a mineral, tentatively identified as maucherite. In places 
there is a little niccolite in the centres of skutterudite masses. 
This double period of arsenide deposition differs substantially from 
the paragenesis at Terra. 

Silver was found in four different situations. Firstly, minute 


grains are exsolved from tetrahedrite-galena-matildite mixtures. 


Secondly, dendrites of pure silver very occasionally cut the banded 
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carbonates, but only in areas where the carbonates are cut by 
granular quartz veins witn the interstitial 'salt-and-pepper'’ silver. 
Acanthite commonly replaces small amounts of silver of the latter 

two types. The fourth occurrence is as small specks in the niccolite 
that lies in the cores of skutterudite. 

The apparent mercury content of the unreplaced salt-and-pepper 
Silver is 0.98 wt %, which is lower than that for similar silver that 
is partly replaced by acanthite (1.77 wt %). In addition, the 
apparent silver content becomes appreciably greater (Table 
would appear therefore, that the silver is enriched by the replacement. 
Specks of silver of the fourth type have a relatively low silver 
content and a very high mercury content (6.45 wt %) that is apparently 
different from that in any other analysed silver from the area (Fig. 40). 

Bismuth occurs in three situations. Firstly, as exsolution blebs 
from tetrahedrite and galena (Plate 11.8). Secondly, as interarowths 
with sulphides and sulphosalts of Stage 3b (Plate 11.7), and thirdly, 
as replacement of wall-rocKxs in the immediate proximity of the veins 
containing bismuth. Bismuth is not a common mineral in the first 
level of the Silver Bay Mine, but reports (W. Dollery-Pardy, Pers. 

Comm., 1971) and samples from the now-flooded second jevel indicate 
that bismuth is more common there (Fig. 49). 

Matildite and tetrahedrite occur rarely in patches of massive 
sulphides of Stage 3b, and the X-ray diffraction data show that they 
are structurally identical with their counterparts at Terra; no electron 


microprobe analyses have been performed. 
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Haematite, as staining, is common in the Stage 2 carbonates and 
quartz, but is absent from Stage 3. Thin layers of haematite sometimes 
coat the Stage 4 quartz, and vugs often contain smal] rosettes of 


haematite needles. 


f) Paragenetic Sequences and Depositional Conditions 

The paragenesis (Fig. 51) differs. in some important aspects from 
that at Terra (Fig. 46), although the mineralogy is very similar. 
Five stages of mineralisation are proposed and numbered to correspond 
as nearly as possible to the Terra Sequence. 

The most important differences between the ores at Silver Bay 
and those at Terra are the development of arsenides and silver after 
the sulphides and bismuth, and the different sulphur isotope values. 
Clearly, the same elements were present in the ore-fluids, but the 
conditions at the site of deposition must have been different. These 
different conditions are clearly the single-stage development of 
dilatancy at Silver Bay and the very wide opening at this time, and 
are reflected in the crustification textures of the gangue minerals. 


Further discussion follows after the other veins have been described. 


g) Potential 

The Silver Bay Mine has perhaps tne greatest potential of any 
mine in the Camsell River area, but has produced the least ore to date. 
It is inevitable that there are other rich ore-lenses on the Number 1 


vein, and the surface cutcrop of one is seen in the Number 4 vein 
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(Fig. 48). Old workings on the Number 6 vein indicate pods of 
nigh-grade silver, but these could not be reached by the author 
because of flooding in the snaft. The length of these three main 
veins is considerable, especially if the extrapolations beneath the 
river are valid. It is proposed, from a study of the three Camsel] 
River mines, and data from the Echo Bay area mines, that ore-lenses 
occupy between 1 and 10% of the vein lengths. The Numbers 1, 4 and 

6 veins are 230 m, 430 m and, possibly, 2000 m long, Pence vel ys 
although extrapolations on the Number 6 vein are tenuous. Taking the 
average ore-lens as about 30 m long, it is statistically probable 
that there be between one and two ore-jenses in veins Number 1 and 4, 
on the present working-level. 

The ore-lens on the Number 1 vein yielded about 1,000 tons o 
ore, averagina about 200 oz Ag/ton - although more careful mining 
would have decreased dilution considerably. At a price of $2/oz for 
silver, this lens produced about $4 x 10° gross value. The total cost 
of the operation to mine the lens worked out at around $50/ton (Terra's 
costs are about $40/ton) and the resulting net profit was some $35,000. 

Assuming the next ore-lens to be 30 m long, it will most 
probably be between 170 m and 330 m away, at the same level. Costs 
for a3mx 2m drift are around $20/foot; thus between 10,000 and 
20,000 dollars will probably be needed to find the next ore-lens. 

Add to this the costs of operating the camp while no ore is being 
produced, the cost of diamond-drillinag, and the costs of other 


exploration, and it can be seen that mining these veins is, at best, 
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a marginal business. 
These calculations have considered only horizontal exploitation, 
over a height of perhaps 20m. It is the possibility of rich ore 


in the third dimension that makes the mines attractive. 
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8. THE NOREX MINE 


a) History 

The original surface showing of the Norex vein was discovered in 
1932, but until 1968 only minor surface exploration work was performed. 
In that year a number of short diamond-drill holes confirmed the 
presence of a vein some 200 m long, of variable width, to a depth of 
20 m. Within tnis, an extremely rich silver ore-lens was found to 
be about 30 m long and 20 m deep. A small shaft was sunk in the 
vein to test this zore. The samples from this shaft were 'salt-and- 
pepper’ silver ore, and so rich that mining was started immediately 
from an open-cut trench. High-crade ore was hand-picked, and the 
resulting profits were used to construct a road to the Camsell River 
and an airstrip at Smallwood Lake (Fig. 5). Unfortunately, no other 
ore was found and the main lens was almost worked out by this time. 


Terra acquired a 50% interest in, and the right to mine the claims in 


1972, but there has been no further work of significance. 


b) Geology 

The vein is vertical and varies between 20 cm and 5 m wide. It 
strikes to the east and is about 200 m long. It lies close to the 
contact between bedded andesite tuffs and massive porphyritic andesite 
flows, which are sometimes separated by a thin screen of felsic tuffs 
(Fia. 52). All these rocks are cut by a plagioclase-porphyritic 


granodiorite dyke that strikes to the northeast. The vein apparently 
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cuts this dyke, although exposure at the contact is poor. Both dyke 
and vein are cut by a 2 m wide NNE-trending diabase dyke which 
contains very thin stringers containing specks of galena, sphalerite, 
chalcopyrite and pyrite. 

The rocks are in the upper albite-epidote and lower hornblende- 
hornfels facies in the aureole of a granodiorite that outcrops some 
2 km to the east, but whose contact dips shallowly to the west. The 
rocks are folded in small drag-folds that seem to be related to the 
axis of the main syncline in the area. The structure is complicated 
in tnat small jostling movements have occurred on a number of faults 
and joints, and bed-by-bed correlation is difficult. 

Veinlets of carbonates, epidote, quartz and magnetite-actinolite- 
-apatite are common (Fig. 52), and appear to be a product of the 
contact metamorphism. Sulphide gossan zones are very common, especially 
in the tuffs and on the edges of the porphyry dyke. Where trenching 
has revealed fresh minerals, pyrite, pyrrhotite and chalcopyrite are 
the most common, and the mineralisation appears to be metamorphogenic 
and similar to other skarns throughout the area. Both the porphyry 


+ 


dyke and the porphyritic andesite flows contain specks of base-metal 


sulphides that appear to be original and not introduced (Plate 11.1). 


c) Vein Mineralisation 
Since only the one ore-lens has been found in the vein, it can 
only be said that the ore-lens occurs in the most dilatant part of 


the vein. The edges of the vein are chloritised and epidotised, but 
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no red alteration has been observed. 

The country rocks around the vein are impregnated with sulphides 
and contain thin dolomite stringers containing specks of sulphide. 
Close to the vein these strike to the east and are thought to 
represent a period of veining prior to the main period of dilation. 
The main vein is filled with dolomite and quartz. The dolomite veins 
are composite, and often contain lenses and 'streams' of wall-rock 
fragments. The dolomite is usually white, and varies from fairly 
massive at the margins, to coarse-grained and well-crystalline further 
in. Occasionally weakly-banded dolomite overgrows the coarse, white 
dolomite. Carbon and oxygen isotope data for the dolomite (Fig. 50) 
Show a wider spread than, but grossly similar, values to those from 
the other mines. No evolutionary trend is apparent. 

Tne host-rocks, and occasionally the doiomite veins, are cut by 
thin stringers of bright red calcite - red because of fine haematite 
dusting. The isotopic values for these are similar to the values 
for dolomites from all the other mines (Fig. 50). 

Quartz overgrows the dolomite and is at first massive, and then 
coarse-grained, and often vuggy. Often vugs are lined with the later 
stages of dolomite and the initial stages of quartz deposition. The 
The quartz veins are not cut by the red calcite stringers. Frequently 
the quartz veins become fine-grained and sugary, and tongues and 
stringers of this sugary quartz cut the dolomite, and conmonly contain 
the 'salt-and-pepper' ore - some of these silver-carrying veins are 


over 25 cm wide. 
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Sulphides common in the veins are chalcopyrite, sphalerite and 
galena. They usually occur in the dolomite and quartz of Stage 3b 
as massive patches. In addition, galena often replaces wali-rock 
fragments. Massive intergrowths of galena and chalcopyrite occasion- 
ally contain small amounts of tetrahedrite. Matildite was identified 
in one polished section. 

The sulphur isotope ratios (Table 15) were only measured on these 
coarse-grained sulphides, and show values that overlap the Silver Bay 
and Terra ranges, but whose mean lies between those of the other two 
-mines.. A ‘coexisting pair of chalcopyrite and galena gives a ; 
fractionation of 6aS3* = 0.9+0.2%., which indicates a temperature of 
about 600°C - somewhat unlikely because the rock contains older 
bismuth and coeval tetrahedrite, both of which would not survive such 
 temperature®. It is concluded; once again, that the sulphides are 
not in isotopic equilibrium. 

--Acanthite occurs quite commonly as minor replacements of si¢ver 
in the salt-and-pepper ore, and as Smears on joint planes near 
Silver-rich lenses. 

Skutterudite, safflorite, rammelsbergite and niccolite are the 
only arsenides that have been identified at Norex. The first three 
occur as complex zoned rosettes and aendrites in dolomite, with 
rammelsbergite invariably present in the cores. Niccolite is present 
as coarse crystals in the cores of some dendrites, and sometimes 
appears to have overgrown more complex arsenides almost to the rim of 


the dendrite (Plate 11.2). 
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The rosettes show the mimetic twinning common to safflorites 
(Plate 11.4), and exhibit a beautiful chemical zonation from a nickel- 
-rich core to a cobalt-iron-rich outer band, which may contain thin 
nickel-rich bands (Plate 12.1). 

Niccolite also grows as tiny botryoids at the contacts between 
the dolomite and quartz. These overgrow silver in the dendrites, but 
not the salt-and-pepper ore. Most of the samples examined. were badly 
weathered, but thin skins of rammelsbergite were tentatively identified 
on the botryoids. 

Silver occurs in two completely separate environs. Firstly, it 
replaces the cores of arsenide dendrites (Plate 11.2) and rosettes 
(Plate 12.1). The dendrite cores are made up of strings ef cubes of 
Silver, which frequently overgrow the arsenides into the surrounding 
dolomite. Cracks in the arsenides are filled with silver (Plate 11.3), 
which is clearly younger. Dendrites of silver alone are aiso very 
common in the Stage 3 dolomites, and form some of the richest ore in 
the mine. Thin section studies of tnese show that the surrounding 
dolomite was recrystallised and flushea clear of impurities and 
inclusions during the growth of the dendrite. In every case these 
dendrites are cubic. 

The apparent mercury content of silver in a rosette core is 
2.47 wt %, with only 90 wt % of silver apparently present (Table 6). 
This considerable deficiency is in part due to the presence of arsenic 
and is in part unknown. 


Silver also occurs plentifully in the salt-and-pepper ore (Plate 
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11.5), where it is indistinguishable from that at Silver Bay. 

Bismuth was found in one sample only, replacing fracments of 
wall-rocks in a dolomite vein containing galena and chalcopyrite with 
interarowths of tetrahedrite and matildite. Contacts between bismuth 
and the sulphides were not seen, but the minerals are presumed to be 
coeval. 

Vugs in the quartz veins contain specks of chalcopyrite, and this 


and the quartz are overgrown by thin dustings of haematite. 


d) Paragenetic Sequence and Depositional Conditions 

Tne Norex Mine contains parts of the paragenesis that resemble 
that of Silver Bay and parts that resemble that of Terra (Fig. 53). 
For example, the arsenide and silver dendrites are indistinguishable 
from those at Terra, and the 'salt-and-pepper' ore and massive 
sulphides with late niccolite are identical to those at Silver Bay. 
(The numbering of stages attempts to keep the same number for the same 
type of deposition in all the mines). 

At first it was thought (Badham et al., 1972) that all the mines 
were mineralised with different parts of the same paragenesis - i.e. 
that much of the available material had been deposited at Terra, and 
that lesser portions had been deposited in the other mines. The 
reason offered for this was that the Norex and Silver Bay veins had 
only opened once and could only receive whatever ore-fluid was 
available at the time of dilation: the Terra veins had opened many 


times, and were thus able to garner a greater part of the 'spectrum' 
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of the ore-fluid. This hypothesis is now thought to be only partly 
correct: discussion continues below, in the section on the origin of 
the veins. 

Temperatures of deposition in both Norex and Silver Bay Mines 
are less easy to delimit than those for Terra because of the smalier 
assemblages. The melting point of bismuth (271.5°C) defines an upper 
limit for Stage 3 in both mines. Matildite is so uncommon that its 
relationships with galena are uncertain: although the two are often in 
close association, neither was seen exsolving from the cther and may 
therefore have been deposited below 215°C. 

In general it is thought that similar temperatures of deposition 
prevailed in all three mines: i.e. that the curve for Terra (Fig. 47) 


applies equally to the other mines. 


e) Potential 

The potential for the Norex vein is not great. The vein is not 
long and the main ore~lens is all but stoped out. Drilling to 20 m 
depths in the vein reveaied no other mineralised pods. Unless ore is 
found at greater depth it would appear that the only potential the 


mine has is in the remaining ore in the main lens. 
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9, OTHER SILVER-, ARSENIDE-BEARING VEINS 


The Lypka veins outcrop on the south shore of the Camsell River, 
opposite Silver Bay (Fig. 48). They are vertical and sinuous, and 
transect porphyritic basalts. They splay out and stop to the east, 
where they run into andesite tuffs (Fig. 35). There are essentially 
oniy two important veins, but also numerous stringers with small 
dilatant pods. The north vein contains arsenide minerals and sulphides 
and numerous brecciated wall-rock fragments, all cemented by two 
generations of dolomite. It is only well-exnosed in one large trench 
where it widens from 5 cm to 70 cm in a 1m vertical section. The 
following sequence of events is observed: 

1. Brecciation of wall-rocks on the margins of a tension-fracture. 
Deposition of fine-grained, white dolomite. 

2, Reolacement of dolomite and wall-rock fragments by arseno- 
pyrite and some skutterudite. This arsenopyrite has a sulphur isotope 
Value oF 65°" = 9 471/20.27, (lable 13). 

3. Further brecciation of wall and vein rocks, and deposition of 
dolomite, followed by galena and a little pyrite. Only thin quartz 
bands were found in the vein, and no silver was found in these (Fig. 54). 

The southernmost vein can be traced into the banded tuffs and for 
about 200 m in the basalts. It consists of mostly banded dolomite, 
with no rock fragments, and contains two zones where small NE-trending 
fractures cross it. The veins themselves do not widen particularity at 


these intersections, but pyrite and chalcopyrite replace both dolomite 
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LYPKA VEINS 


i 
North Galena + Pyrite (Quartz). 


Dolomite ——Arsenopyri te —— 2 ——= Dolomite 
Skutterudite—— 3 


Calcite 


REPUBLIC VEIN 


Granite ——Aplite + chalcopyrite J -Doloni te + alteration —— Skutterudi 
Ey Este ™ chalcopyrite + Pyrite 
+ Bismuth 


Frythrite 


GUNBARREL VEINS 


S DoTomite 


Z Dolomite 


Niccolite 
Pyrite + Chalcopyrite + Sphalerite. 


BLOOM ISLAND 4 
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Figure 54. Deduced Parageneses for the four mineralised ye 
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and wall-rock extensively. A sample of pyrite from the westernmost 
trench (Fig. 35) has a sulphur isotope value of 6S?" = 3,8+0.1%. 
(Table 15). Small grains of sphalerite and pyrrhotite were also seen. 
Where this vein intersects the tuffs it carries predominantly calcite. 
A carbon and oxygen isotope analysis (Fig. 5C} shows this to be 
Similar to late-stage calcites in other veins. 

The potential of the Lypka veins, especially the northern one, 
is as great as that for the Silver Bay veins to which they are closely 
Similar. The southern vein is thought to be equivalent in age to the 
Stage 1 of the Silver Bay Mine, but its age relaticns are nat clear 
at present, 

The Republic vein is again short and sinusus, and lies on the 
contact of a granite and a thin aplite screen that separates the 
granite from metamorphosed intermediate and felsic volcanic rocks 
(Fig. 35). The aplite is locally impregnated with blebs of chalco-~ 
pyrite, but these have not been recrystallised or concentrated by the 
vein. The vein is about 100 m lona and strikes to the northeast. 

The south end tails out in the granite, and the north end splays into 
numerous thin stringers before exposure ends. Much of the vein is 
only some 5 cm wide, but this increases up to 2 m for a 30 m length 
which contains the mineralisation. 

The vein is filled with dolomite, much of which is replacing 
granite rather than filling a dilation in a fault. There is no 
demonstrable offset across the vein. The dolomite is intermixed with 


remnant quartz, epidotised feldspar and some calcsilicate minerals. 
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Oxygen and carodon isotope data for the dolomite show it to be closely 
Similar to the vein dolomites from all the other mines. 

Small patches of pyrite and chalcopyrite repiace this dolomite, 
along with rare masses of skutterudite. Erythrite coats all the joint 
olanes. One speck of native bismuth was seen, close to skutterudite. 
No effective paragenesis can be worked out for this vein because of 
the paucity of exposure and mineralisation. Likewise the economic 
potential is not known. 

The two Gunbarrel veins are 40 m and 180 m long, respectively, and 
cut.a coarse gabbro sheet close to its contact witn the Richardson 
Tslgnd granite. The west vein (Fig. 35) strikes northerly and 
consists of a 5-10 cm wide dolomite stringer containing specks of 
chalcopyrite, sphalerite and galena. The east vein strikes to the 
northeast and is the longer of the two. it varies between 5:and 20cm 
in width and is filled with banded, coarse, yellowish dolomite. The 
old adit is collapsed and the rocks are badiy weathered, but 
annabergite is common, a erythrite was seen in places. Some fresh 
vein samples were obtained and were seen to contain patches of massive 
to botryoidal niccolite, replacing the dolomite. No other minerals 
were identified, but silver values, were reported from the vein when 
it was worked in 1932, and Furnival (1934) identified silver and-"a 
cobalt mineral". Again, the paragenesis is not known in detail, and 
the showing cannot be said to have much economic potential. 

The Bloom Island vein was discovered in 1932, and extensive 


exploration on the showing has not only failed to reveal any significant 
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mineralisation, but has destroyed or covered much of the interesting 
exposure. The vein is well-exposed for about 100 m, striking NE, 
parallel to the strike of steeply-dipping metamorphosed siliceous 
dolomites and limestones. Calcite veins have recrystallised in the 
host-rocks and the calcite is isotopically similar to that in the 
Lypka veins (Fig. 50). The vein is not continuous, but is a series 
of splaying stringers, up to 10 cm wide, of calcite and dolomite. 
Occasionally thin quartz stringers cut the dolomite, but are coeval 
with the calcite. Erytnrite is ubiquitous on joint planes and two 
blebs of skutterudite were seen in the quartz. Small pyrite crystals 
grow over quartz, calcite and dolomite. Furnival (1934) reports leaf 
silver, bismuth and ‘cobalt’ from the first trench opened in the vein. 

A paragenesis of dolomite, followed by calcite and quartz, 
skutterudite, and lastly pyrite is proposed. The vein has no economic 
Significance. 

In general the mineralisation in the veins is closely similar 
to parts of the sequence in the mines. Clearly they were small and 
"once-only’ events compared with the mines, and have only sampled part 
of the paragenetic spectrum. Tne approximate sequence of events in 


each of these veins, as far as is known, is shown in Figure 54. 
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10. GENESIS OF THE VEIN MINERALISATION 


a) Nature of the Ore-fluid 


From the descriptions of the mines and showings, it is concluded 
that an ore-fluid was available over much of Camsell River area in 
post-Aphebian time. Whether each mineralised vein originated from 
the same fluid, or whether each formed from different fluids, which 
were derived by so similar a process that there was no difference 
between their cepesits, cannot be told. However, all the mineralised 
veins were deposited from an identical fluid. Furthermore, it is 
clear tnat this fluid was extremely complex and carried at least the 
polvOwanese euiente: Us Fe, (a1. Uy AG. i, GO, nS. 5D. Dig o, GU. PDs 
Pipes ne, Gs bs Al, Koo co cancun 2 ineacdtC1Olae wre Vic luston 


studies (Robinson, 1971) indicate that the fluids were rich in Na and 


of the mineralising fluid at each mine and showing. Certainly carbon 


os 


and oxygen isotope data indicate that either these elements were in 
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fsotopic data from the Camsel? River area show the close similarity 


infinite supply to the ore-fluid, or that all dolomites were continually 


a 
CEL 


equilibrated after deposition. Calcites show considerable scatter, 
but generally indicate a trend of decreasing 601% witn time. It has 
been proposed that the late calcites were in equilibration with an 
influx of meteoric water, and that the trend represents stages in the 


equilibration of older calcites with this late fluid (Badham et al., 


1972). The dolomites, being more resistent to re-equilibration, were 
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not affected. These data lead to the conclusion that the main mass of 
isotopic values for the dolomites are original, and that the source 
had an infinite supply of carbon and oxygen, with a constant 

isotopic value. Since there is no sign of isotopic change with time, 
there can have been no essential change in the parent-fluid or in the 
depositional conditions. The average values for 60!® and 6C!3 in 


dolomites in all the samples analyses are: 


Average 60!8 = +15,5%, Range 12.6 - 22.0%. 
Average 6C!3 = -3.97%, Range -2.1 - -7.9% 

Carbon and oxygen isotope data from the Echo Bay area show a 
regular evolutionary trend in the dolomites from values of 60!8 = +22%, 
LonNs0ted=rh12%, (Robinson, 1971). Wit weconcluded thatathere mus babe 
an essential difference in the two areas. This is discussed be 

The sulphur isotope data also indicate a homogeneous source, both 
for the skarn and metamorphogenic suiphides, and for the vein sulphides. 
In each case the low values and the low spread are typical of magmatic 
hydrothermal solutions, but the differences in value are important. 
Again there is no sign of an evolution in the sulphide system during 
vein mineralisation. Furthermore, the data from the Terra Mine are 
closely similar to those from the Echo Bay Mine (Robinson, 1971). 
Differences must again be due to the mode of deposition in each vein 
and will be discussed below. 

Since the mineralising fluids have an homogeneous source with 
respect to carbon, oxygen and sulpnur, it is likely that the ore- 


-elements were either derived from, or at least passed through this 
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source, and that ail existed in the ore- fluid at once. Consequently, 
the paragenetic sequences are the result of the stability of the 
depositing mineral phases, firstly with respect to the remaining 
phases in the cre-fluid, and secondly with respect to the depositional 


conditions. 


b) Mode of Deposition 
In all the mines it is obvious that the principle control of 
ore-deposition was dilation on faults. Areas with more fauits and 


dy 


greater numbers of dilatant zones have a greater potential for 
mineralisation. The evident host-rock control is dominantly structural 
- bedded rocks in contact iwetamorpnic aureoles are the preferred units 
for splaying and dilation of fauits. Dilation alone is not enough, 

and it appears that second or third-order faults on the Ne-trending 
system were preferentially mineralised over the E-trending tension- 
-fractures, even though the latter may have opened far wider. 

It is also clear that the amount and type of deposition depend on 
the number of times a vein system has been ‘cracked open' to allow an 
influx of new mineralising fluid. Finally, there appears to be a 
chemical control on the location of ore-shoots within dilatant zones. 
Evidence has been adduced, because of these controls, to show that 
the ore-fluids generally seemed to have migrated away from areas of 
granitic intrusion, and towards the thicker parts of the volcano- 
sedimentary complexes. 


The ove-minerals were deposited in a relatively constant order, 
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but there are significant differences, illustrated thus: 


Terra 
U + arsenides (Ni + Co,Fe) + Bi, sulphides, sulphosalts 
Ag 
Norex 
arsenides (Ni + Co,Fe) + Bi, sulphides + Ni arsenides + Ag 
hg Sulphosalts 
Silver Bay i 


Co,Fe arsenides > Bi, sulphides > Ni arsenides > Ag 
Sulpnosalts 


There seems to be a continuum from the Terra to Silver Bay Sequences, 
with the Norex Sequence intermediate. This is not caused by the fact 


that at Terra we are seeing the first part of a paragenesis whose 


and represent the closure of the mineralisation. Clearly there is a 


progressive change in the mode of deposition. 
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Such a change is also shown by the sulphur isotope dat 


sulphides from the veins, i.e.: 


Terra Average 6S2* + 3.5%, range 5.0%, 
Norex Average 6S°* +0.5% range 4.1%. 


Silver Bay Average 6S** - 5.0% range 11.7%. 
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Such a change may be the result of different temperature or pressure 
on the fluid, or a different distance of deposition from the source of 
the ore-fluid. It nas already been shown that the temperatures of 
deposition were similar in all three mines. The pressure at the site 
of deposition is dependent both on the depth, and perhaps partially on 
the amount of dilation. A fluid rushing through a newly-opened fault 
may deposit wnen it reaches a dilatant zone, and the release of 
pressure on the fluid is presumably proportional, in part, to the 

size of the dilatant zone. It has been shown that the width of the 
dilatant zones at Siiver Bay and Norex are far greater than those at 
Terra. However, Norex and Silver Bay are similar in their mode and 
amount of dilation. It would seem unreasonable, from these consider- 
ations, to expect a trend in the paragenesis at the three mines, and 
more reasonable to expect a bimodal distribution. 

It is concluded, therefore, that the predominant. control] on the 
paragenesis may be the distance the fluid has travelled from the source. 
This is substantiated by the sulphur isotope data. If the fluids ware 
travelling outwards from a source along faults, and precipitating 
sulphides on the way, then, if there is a limited supply of sulphur, 
the precipitated sulphides will be isotopically heavier than the 
fluid - i.e. a typical reservoir effect will operate. Consequently, 
deposits further from the source might be expected to have progressively 
lighter isctopic values. It is proposed that the trend in isotopic 
values from Terra to Silver Bay represents an increasing distance 


from a source with a limited amount of sulphur. Whether the source 
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was the same one, or a number of chemically~identical ones from 
different locations, is irrelevant. The problem remaining is to 
determine what and where this source was. 

The mode of deposition in the actual ore-lenses is also important. 
In the Silver Bay and Norex Mines the textures indicate that the 
carbonates and quartz essentially grew by gradual infilling of the 
dilation zones. As soon as the zones were filled they were effectively 
sealed and, apart from very minor cracks that allowed the late quartz 
and silver veins in, they were not reopened. At Terra, on the other 
hand, there is evidence of frequent movement cn the fauits. The 
first influx of minerals sealed the faults, but these were cracked 
open by later movements which allowed fluids to enter eacn time. The 
structure control of the dilation zones is well demonstrated by the 
fact that cilation developed in the same places each time. 

There is evidence at Terra that some of the jenses were sealed 
off from the main vein by the first minerals to crystallise from an 
introduced fluid, and that the later minerals gradually filled in the 
pod, crystallising from a static medium. This is especially true of 
the latter stages of mineralisation in the cross-veins. In each stage 
of filling, the carbonates appear to have grown first, and it is they 
that seal off a pod of inineral-rich fluid (Fig. 55). As minerais start 
to precipitate the carbonates and wall-rocks may be replaced, or the 
minerals may encrust the carbonates. Other lenses were not sealed 


off and remained in contact via thin cracks. Nevertheless, the vein 


system probably became closed to supply of further liquid because of 
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local sealing. 

Similar isolation of ore-lenses has not been observed at Echo 
Bay, wnere the fault-systems are far larger. It is thought that the 
minerais were deposited by fairly continuousily-flowing fluids. This 
may explain why there is a trend in the isotopic values of the 
dolomites and why the sulphur isotope values, although averaging 
6S3* = 6.56%, vary from 6S3* = 26.9%, to -21.5%.: these variations 
are most pronounced between early and late staaes (Robinson, 1971). 
However, other explanations are possible and the limited data are not 


definitive. 


c) Source of the Ore-fluid 

It has been shown that there existed a multi-element ore-solution, 
or a number of identical solutions, that had an unlimited supply of 
carbon and oxygen, and a homogeneised but limited supply of sulphur. 
In addition, it has been adduced that many of the metals were in 
limited supply, and that the deposition of one was enough to deplete 
the ore~Fluid in that metal. The resultant change in fluid chemistry 
armitted deposition of other phases. Deposition occurred mainly in 
the 150°-250°C range and had virtually ceased by the time the 
temperature had dropped to 100°C. 

The deposits themselves are typical of magmatic hydrothermal 
veins, as are their sulphur isotope values and the ranges of 
depositional temperatures. Most of the elements in the ore-solutions 


are typical of the 'felsic' association (e.g. Stanton, 1972), but 
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nickel and cobait are perhaps more typical of basic rocks. One of 
the main problems in discussing, in general terms, the source of the 
U-Ni-Co-As-Ag-Bi ore-solution is this apparent mixture of associations. 


Consequently, there has been a mixture of hypotheses concerning the 


Robinson (1971) showed that tuffs and andesites near the Echo 
Bay Mine were strongly enriched in all the elements found in the 
ore-bodies. He concluded that burial metamorphism in an area of high 
heat-flow had caused saline brines to scavenge metals from the host- 
rocks. and to ceposit them in veins. Such an hypothesis is attractive, 
but should be viewed with caution for a number of reasons: 

1. All Robinson's samples were taken within 1400 m of the veins, 
in an area whera it might be argued that outward migration of ore- 
-elements had occurred. 

2. Robinson's samples were collected within the contact aureole 
of intrusions in which infiltration skarns are developed and which 
might, therefore, be expected to be enriched in many of the ore-elements. 


would be far more reasonable if every small joint 
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and fissure contained ore-veins (c.f. the rucken in the Kupferschiefer). 
The fact that only a specific fault-system was mineralised militates 
against such a widespread origin. 

4, The typical homogeneised sulphur isotope values and the 
reservoir effects observed in the Camsell River area would not be 
expected were the fluids derived by the above hypothesis. 


Thirty-eight rock samples were analysed for a number of the 
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ore-elements in order to test the applicability of Robinson's 
hypothesis to the Camsell River area. The results are shown in 
Table 16. Analytical techniques and sample locations are reported 
in RynenG ik I. Some of the data are repeated from Table 2, because 
of their relevence here. 

The results are fairly consistent, and anomalous values, that 
indicate that the sample contained some sulphide mineral (usually 
metamorphogenic), are distinct. There is a fairly good correlation 
between copper and zinc, probably indicating the presence of 
metamorphogenic sulphides. Most of the elements behave as might be 
expected in progressively more differentiated rocks (see Fig. 23). 
The plutonic rocks are quite distinct in their higher gold and uranium 
contents, but not in copper contents. This is taken as evidence that 
much of the copnoer escaped the comfrines of the plutons and formed 
skarns, which explains why skarns pradominate over 'porphyry-type' 
mineralisation in this area. However, the one late granite sample 
analysed (NK 14.2A) is distinctly enriched in copper, manganese and 
gold over the earlier more basic intrusions. (The granite sample 
RJ 17.4 was collected about 1 m from the edge of the Republic vein. 
The results indicate the extent to which the ore-elements can pervade 
the country rocks around a mineralised vein). 

The normal 'basic' affinities of nickel and cobalt are clearly 
demonstrated by the higher values in both basalts and diabases. No 
Single rock-type is enriched over others, either in all, or ina 


Significant number of the ore-elements. The values for the volcano- 
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camiien aes Ni Co Cu in Mn Ag Au U 
Basalt SJ29.8 43 45 190 758 3100 156 5 n.d. 
NK1.1b 28 as €20 74 745 RES) 5 nec. 
NK&.ta 53 40 133 151 1040 126 £5 asics 
NJ29.14 20 12 31 <10 599 0.8 5 Dae 
NK8.25 <20 <30 232 1250 >4500 - - = 
Andesite 
lava SX3.9a 26 18 <20 Al 1040 1.0 5 zat) 
Skit 7 5 33 <10 »5000 0.9 5 n.d. 
NK7.13 8 16 - - 1200 126 5 Wye 
NK15.8 25 19 28 elle! 13307 03 5 Zed 
Andesite 
CU tees OU eS 6 12 £20 155 875 0.9 10 bet 
$5.1 20 26 ~ - - 0.9 10 0.8 
SJ10.1 16 37 Ae) 80 vei | be) £5 0.8 
NK18.8 ie 18 18 125 875 ae ee a 2.0 
NK19.6 16 is 25 2 1645 Lon - 120 
SX14.3 - - £20 <10 580 - - - 
TM24.2a <20 <30 (1053) (470) 73200  - - - 
TU-06 a) 38 3h Zt 3200 == - - 
Rnyolite 
Si aed 8 ie aul 85 305 0.9 5 
NK13.2 10 6 £20 125 687 0.6 <5 0.8 
NK16.30f 23 C30 rea(171} 937 385 - - ~ 
SX24.1b £20 € 30 £20 ie 230 ~ = - 
Ski Gl £20 < 30 37 <10 560 ~ - ~ 
TU-07 8 10 12 iss fay O56 5 225 
Plutonic 
TOCKS “SkZ aL 8 its) 39 63 e708 7056 15 2.0 
SX14.18b 7 7 <20 107 950 Gy). <5 2x0 
NK14.2a 8 14 15 85 1790 iG 25 on 
NK19.7 10 42 £20 <10 420 0.6 0 3.0 
NK19.10 20 20 - - - 0.9 10 areal) 
Skaw Lob 4 1 <20 its} 450 0.4 10 6.0 
RJ17.4 (57) (830) (92) 4 38) (1090) (1.0) (25) (3.5} 
Volcanoclastic 
COCs hee ad es 28 As 89 8i0 10 o ore 
Sk2e2 28 20 (125) 48 530 Oxe 5 1.0 
NK18.18 jf 28 £20 196 1090 L386 10 10) 
T-12 - - iy 36 AAS - ~ ~ 
NK9.11 55 Bz 26 /0 1090 Wes: 5 - 
Diabase 
SXoeic 51 A4 38 (~2000) >4000 1.6 <5 fells 
NK21.1la fe; 18 £20 95 1020 * a@s5 10 One 
NK15.2a 20 26 - - - 6 <5 Ge6 


* 
p:p.b. 
Table 16 . Whole rock trace element analyses from the Camsell River Area. 
Figures in parentheses were not used in the averages. 
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clastic sediments are, predictably, close to those of the andesites. 

The average trace element contents of the various lithological 
groups in the area are compared witn data from elsewhere in the Great 
Bear Batholith, and with data for other calcalkaline rock suites 
(Table 17). The values for manganese (as not being particularly 
relevant) and for gold (for which there is no data from other sources) 
are omitted. 

Robinson sampled within 1400 m of known veins, the extent and 
amount of mineralisation of which is considerably greater than the 
veins in the Camseli River area. Mursky (1963) analysed 284 samples 
collected on a grid basis from representative lithologies over the 
whole of the Hunter Bay area (120 km x 100 km, with Echo Bay in the 
SW corner) and used his results to demonstrate the comagmatic nature 
of all the volcanic, hypabyssal and plutonic rocks. The only silver 
nineralisation in the area he sampled was in the immediate environs of 
Echo Bay. Thus we can compare areas both with and without silver 
mineralisation. 

It is apparent from Table I7 that the Echo Bay area samples are 
enriched over both the Hunter Bay area and the Camsell River area 
samples. It is also obvious that the Hunter Bay and Camseli River 
areas are generally similar, and it is concluded that these values 
are typical of the calcalkaline magmas of the area. Of particular 
interest, however, are the continually high zinc values in the Hunter 
Bay area - especially in the light of recent data (Allan et al., 1972) 


showing a 3000 sq mile zinc anomaly around the whole length of the 
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BASALT 
Camsell River 
Lassen Peak* 
High Alumina 


ANDESITE 
Camseli River 
Echo Bay' 
Hunter, Bay" 
High-K 


RHYOLITE 
Camsell River 
Hunter Bay" 


PLUTONIC ROCKS 
Camsell River 
Echo Bay' 
Hunter Bay" 


VOLCANOCLASTIC 


Camsell River 


DIABASE 
Camsell River 
Echo Bay' 


Hunter Bay" 


apte l/s 


p.p.m. 


Co Cu 
29 119 
38 80 
AG 35 
20 20 
100 er 
30 35 
13 40 
12 rai 
10 20 
16 37 
35 by, 
32 29 
2) 30 
29 24 
73 65 
43 22 
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Comparisons of Trace Element data from the Camsel! River Area 
with that from other parts of the Great Bear Batholith, and 
with Calcalkaline averages. Data from Mursky (1963)", Prinz 


(1967)*, Taylor (1968) , and Robinson (1971)'. 
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It is also apparent from the comparisons with other calcalkaline 
Suites, that the andesites are enriched in silver, nickel and cobalt. 
Taylor (1968) noted that low nickel and cobalt values, and a Ni/Co 
ratio of less than one were definitive of calcalkaline suites. The 
ratios in the Camsell River and Hunter Bay areas are less than, or 
very close to unity for all lithologies. The ratios for the Echo Bay 
area are highly variable, especially between the andesites and the 
plutonic rocks, and this is taken as further evidence that the host- 
rocks have been ‘mineralised' by the veins. 

In discussion of the anomalies of the Echo Bay region, Robinson 
(Pers. Comm., 1973) has pointed out that the andesite tuffs especially 
may be preferentially mineralised, and that the values of nickel, 
aysenic, Silver and uranium increase in samples taken closer to 
mineralised veins. 

It is concluded that, although tne Echo Bay area is anomalous, 
the magmatic rocks of the Great Bear Batholith are typically enriched 
in nickel, cebalt and silver. The hypothesis that the ores are 
derived by leaching of the volcanic rocks is not supported by the 
data, for tne following reasons: 

1. Copper and zine are far more abundant in the host-rocks than 
nickel, cobalt or silver, and any scavenging process would garner 
these with equal or greater proficiency. This does not appear to have 
been the case. 


2. Arsenic and sulphur are not abundant in the volcanic rocks 
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(Mursky, 1963; Robinson, 1971), except where sulphide skarns are 


developed, and therefore are unlikely to have been derived from the 


3. The obvious ease with which host-rocks close to tne veins 
are enriched in the ore-minerals, and the lack of depletion haloes 
suggests that the leaching hypothesis is invalid. 

4, Metallogenic provinces may evolve for a number of reasons. 
They are characterised by deposits of certain elements and higher than 
normal contents of these elements in all lithologies. This reflects a 
high general content of these elements throughout the province, and 
hence in the source. Redistribution of elements from ‘normal rocks' 
does not cause similar features, unless the redistribution were due to 
a depletion at depth and a concentration at the presently-exposed level. 
Tne Great Bear Batholith is a metallogenic province, typified by 
deposits of Ag-Ni, CoAs-Bi-U and by high contents of some of these 
elements in the host-rocks. Since almost al! of the rocks in the 
batholith are magmatic, it is further implied that the original magmas 
were derived from an enriched source, or were contaminated by enriched 
material. 

The geology, chemistry and isotope data continually point towards 
a magmatic origin for the ore-fluids. Furthermore, it has been shown 
that the three mines may lie proaressively further away from the 
source. This distance cannot be purely vertical for the three mines 
are at closely similar structural levels now, and have been so since 


before the mineralisation. Furthermore, the temperatures of 
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deposition are closely similar. Consequently, there must have been a 
horizontal component to the direction of movement of the ore-fluids, 
and it has been shown that the fluids were apparently migrating away 
from the plutonic complexes. It is unlikely that the whole Great 
Bear Batholith was underlain by a potential ore-fluid, but far more 
probable that a similar derivative process operated in a number of 
areas. What was this process? 

The carbon and oxygen isotope data have been interpreted as snowing 
an infinite source for these elements. The model often postulated to 
explain mineralisation associated with high-level intrusions, be it of 
the porphyry, skarn or hydrothermal variety, involves a large cooling 
oluton which initiates migration of water from the rocks alongside it, 
into the intrusion, and eventually out through the top. Wodzicki 
(1571) has shown that certain elements may migrate into intrusions ' 
from the country rocks, andeShieh and Taylor (1969) have demonstrated, 
from oxygen isotope data, the feasibility of migration of water into 
intrusions. If the country rocks contain a (relatively) infinite 
supply of carbon and oxygen in the water, tnen the circulation through 
the intrusion wiil produce water with perfectly homogeneous carbon and 
oxygen isotope values. If these values are retained in hydrothermal 
fluids expelied from the éntrusion, and if these fluids deposit 
carbonates at constant conditions, then all the carbonates will have 
the same isotopic values. 

Continuing this model, one may conclude that because the sulphur 


and the metals show reservoir effects, then they must be in limited 
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Supply to the hydrothermal fluids. Both sulphur and the metals may 

be supplied by the intrusion, or may be brought in by the circulating 
water. Since they are in limited supply, for the latter to have 
operated, either the rocks being leached were not rich in these 
elements, or the leaching process was not effective under the prevailing 
conditions. 

Considering the processes around the upper parts of this model 
intrusion, a continuum of events can be predicted of the general type: 
metamorphism to metasomatism to progressively lower temperature 
hydrothermal events. This is a continuum both in time and space (i.e. 
in distance from the contact). The earlier parts of such a continuum 
have been documented around the Terra monzonite, but the veins at 
Terra are clearly much younger than this intrusion. Furnival (19395) 
has documented a continuum from metamorphism to alteration to quartz- 
-veining and sulphide-skarning at Contact Lake. 

A time-distance plot of a single pluton (Fig. 56) allows 
predictions concerning vein mineralisation to be made. At any distance 
(0) from an intrusive contact a certain sequence of events will occur 
- represented by the vertical line through D 1. Some of these events 
may be unable te occur until a certain time - e.g. hydrothermal veins 
cannot develop until fractures have opened (the fractures may be 
opened by an increasing hydrostatic nead or by external mechanisms 
such as isostatic adjustments of the intrusion). Thus there may be no 
hydrothermal veins until time T 1, even though a hydrothermal fluid 


existed prior to this time. From time T 1 onwards, a regular paragenesis 
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of hydrothermal events occurs in the fractures until they become 
sealed. Thus, close to Terra, there are quartz veins (high 
temperature hydrothermal) which post-date the metamorphism, and 
pre-date the medium-temperature hydrothermal-mineralised veins. 

Now if we consider another area where an identical intrusion has 
cut identical rocks, but here no fracture opens until time T 2, the 
conditions at time T 2 may be changed enough for the same elements 
veins. Here then, is another explanation for the differences between 
the Terra, Norex and Silver Bay parageneses - i.e. there is a differ- 
ence in the time of deposition from an identical ore-fluid. 

This is obviously an extremely naive model with respect to the 
Camsell River area, because the deposits are not related to a simple 
intrusion. Nevertheless, viewing the area as a whole, a broad 
spectrum of events can be distinguished - from metasomatic deposits, 
to aplite dykes, to high-temperature quartz veins, to lower-temperature 
quartz and carbonate veins, to mineralised veins, and so on. [t is 
concluded that the ores are an intimate part of this association and 


not the product of an exotic event. 


d) Time and Duration of Mineralisation 

If the continuum above is applicable, the relative ages of each 
event should fit in predictable stages, notwithstanding the added 
complexities of polyphase plutonism. Figure 57 shows that the 


relative ages of all the events fit with a typical evolutionary 
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sequence around cooling ojlutons. The mineralised veins fit at the 
latter part of a sequence that is continuous from the intrusion of the 
late granites, and it is proposed that the ore-fluids were derived via 
tnese late granites. There is clearly no genetic relation between the 
early plutons and the mineralised veins. 

Although it has been proposed that the last intrusions were 
emplaced by 1700 in.y. ago, K-Ar cooling ages regularly range down to 


1650 m.v. (Wanless et al., 1968) with some as low as 1570 m.y. 
(Robinson and Morton, 1972). In other words, hydrothermal activity 
might be exnected around these aranite intrusions for at least 100 m.y., 
after their final emplacement. 

Therpe (1972) has shown that the initial phases of the hydrothermal 
mineralisation occurred at 1625 m.y., and about 1400 m.y. old diabases 
post-date the main mineralisation: these data indicate that hydrothernai 


events took place for some 200 m.y. after the final granitic intrusions. 


e)  Sunmary 
A yodel is proposed, therefore, where late granites intrude earlier 

volcanic and plutonic complexes at the close of an orogenic cycle. 
The granites assimilated waters from surrounding rocks at depth and 

omogeneised them. These waters were then expelled as hydrothermal 
fluids into fissures developed above the granites. At some stage the 
waters picked up sulphur and a number of metals. In the final analysis 
it is unlikely that the metals were leached from the host rocks because 


the distinct Ni-Co-As-Ag-U-Bi association occurs in many different 
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geological settings throughout the world. Consequently, it is 
considered that the metals were present in the magmas themselves. 
The expelled hydrothermal solutions micrated away from the 
Granites and deposited sequentially lower temperature facies at 
different times or distances from the contacts. The initial filling 
of the Giant Quartz Yeins is presumed to be tne result of the highest 
temperature stage of the hydrothermal deposition. The mineralised 
veins were aeposited ina fairly restricted zone, and at fairly 
restricted temperatures. In other words, for their deposition, a 
coincidence of the right structural, chemical and physical 
conditions was required. This is demonstrated in Figure 58, a 
scnematic model of the Camsell River area. It has already been 
Shown tnat the late granites intrude 'highs', marked by tne older 


ite plutcns and surrounding: 'lows' of volcanic rocks. - Thus, 
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hydrothermal solutiens migrated out from these 'highs' into the 
interstitial keels cof wlcanic rock and deposited minerals in veins. 
The coincidence of the correct physical, chemical and structural 
conditions for deposition occurs where the suitable temperature and 
pressure zone meets the fractured and sulphide-rich rocks in the 
contact aureoles of the early piutons, and it is in these locations 
that all the mineralisation is found. 

The foregoing model explains the observed geologic relations, 
the parageneses of hydrothermal events, and the isotopic data. There 
1S only one fact that jibes with the model - that the niccolite- 


-bearing vein at Gunbarrel Inlet is in gabbro that apparently post-dates 
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the main hydrothermal events. It can only be concluded that the 
gabbro remobilised a pre-existing vein during its intrusion. 

How reasonable is this model? Earlier workers have proposed a 
gamut of origins for the veins, from a source in the granites (Kidd 
and Haycock, 1935), and a source in the volcanic rocks (Robinson, 1971) 
to a source in the diabases (Furnival, 1934). It is interesting to 
note the temporal sequence of these ideas, and its similarity to the 
sequence of ideas explaining the dissimilar Cobalt deposits. The main 
objection voiced by many critics of the granite-origin hypothesis is 
the time involved. "Veins are observed cutting the granites and 
therefore cannot be related to them" is a criticism voiced at the 
International Geological Congress in 1972. “How can any hydrothermal 
system last for 200 m.y.?" is another. Yet when the deposits are 
considered as part of a continuum of events, their relation to the 
granites is quite obvious. It is strange that workers will go to 
extraordinary lengths to justify exotic origins for this ore-association, 
and yet will accept that other major batholiths acted as a source for 
hydrothermal veins of other metallic associations. For example, it 
has been shown that the granite in SW England produced a continuum 
of events as follows: 

Skarns and pegmatites, followed by porphyry dykes, followed by 

hydrothermal mineralisation (Sn - Cu-As-W - Pb-Zn-Ag - Fe-Mn-Sb) 

(Park and McDiarmid, 1964) 

Hosking (1964) has shown that mineralisation continued from the 


Permo-Carboniferous to the Eocene (an interval of 230 m.y.), and that 


oid 1e0d bobuFsnos od xfno nso 21 .eaneve 

notsritot edt patwb ntew pitts. 

_f bseageng sued eaavow iotited Thabo ati Pen 
bra) ead hosve sit at-eowor 6 mow santov pa ups ed 

(T5el ,vozntdén) adoor sinaolov off at sgm0e bie . (2eer aco a, 

od pnttgeragak et $1 (RCSF » Fewtorw a) anendath edt - “nt, saquoe 6 @ bat 

c-oht od ytivatinte 23} bon  ee9bt geely Jo soneups2 Is yoqmed athe mn 

itmn sil .etteoush tfadad ret hateett ott pointsfqxe asebt to. sont 198 ae! 

zt ettedioqyi ntofio- ot hee wld Yo 2nrstaa wise yd bea toy ” tet o 

bas 2attneg od patttud bevieede eva antsy" .bovfovnl: amis ao 

ois te baatoy-metataiva » ef “madd oF badeton ed tonns. 91074 , 

faeriscttoybyn eee tes woH" .STOT at eeanpned Isatpofosd Tenot3enr 2 ; 

s16 ahieogab edt nedw JaY ,sedtons 2h *t. ye OOS vot Jest me 

ooh et tobieiet ited? .2tieve Vo smmuntttnos 6 to 3169 25 borabh may 

ot op [ftw evabiow tet? -apnets2 2f 21 ..2votyde Ss tip et 2attnete 

hots aisoeee-sy0 idk 10? eatotyo atioxs vaiteul ot 2itpnat vient angi 

70? opvO2 Ss 24 betas 2fti lofted totem vadd0 Jedd Jqeos6 [thw $e 

efgmexo 103 .enoltetooges ot figsam renzo to antav [mrt sit . 

muvatinos 6 beaubO NN: baston3 W2 nf sdlogip oid tans ended nan di 

. er aes seve | 
yd .bowollo? .cedyb wiydeveq vd bawol Tot east semgag bn ae 

(d2-nM~94 - pA-ni-d9 - H-eArud - 12) notte iia onrorite * “i 

| “(ae be i 


alg movt baunattnos sil nahin 


- 


doM ie 
- ie nas baer, 


7 9¢ evorett 


acid bos ,f. ym DES Yo ree ne) me 3 odd od evor: 


7 ; 
a 


29] 


cnloride-rich hot springs are active in some of the mines at present. 

The comparison with the granite in SW England is, in fact, far 
closer. This batholith is typical of the Hercynian orogenic intrusions 
and 7s morphologically very similar to the Great Bear Batholith. The 
ores lie in similarly controlled structural sites. The principal 
difference is that the ores are zoned with successively younger and 
lower temperature ores lying further from the contact. This presumably 
indicates that suitable sites for deposition were present at all 
distances from the contact, and contrasts with the limited distribution 
of such sites in the Camsell River area. If the total assemblage of 
Stages 5 and 6 (Fig. 59) of the English granite is combined, the 
mineralogy is indistinguishable from that of the Camsell River mines, 
except in tne lack of native silver. Certainly all the elements are 
present, and the paragenesis is ‘the same. The metallography of the 
two examples does differ in that the English granites contain tin, 
wolfram and molybdenum, and that the proportions of nickel, cobalt, 
Silver, bismuth, arsenic and uranium are much lower. 

Consequently, it 1S proposed that the multi-element Great Bear 
Lake assemblage is the result of the constriction or telescoping of 
separate stages of an evolving hydrothermal system into one depositional 
location. The assemblage is retained in the source (i.e. the granite) 
until all the elements are contained in a complex polymetallic ore- 
-fluid. Where there has been no such retention, a complex fluid will 
not develop - as each metal or group of metals becomes able to be 


precipitated, it is so, and the elements are lost to, and therefore 
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cannot affect, the remaining fluids. 

If the assemblage is the product of 'telescoping' in this manner, 
then it might be reasonable to expect gradations from completely 
telescoped situations to completely untelescoped examples. For 
example, the almost identical deposits at Jachymov are preceded by a 
period of molybdenum, wolfram, tin, arsenopyrite mineralisation 
as in the SW England case, but at Jachymov, tne products of each 
Stage coincide in space. Similarly, the deposits at Kongsberg 
are preceded by veins containing pyrite, pyrrhotite, sphalerite, 
galena and molybdenite. At the lower temperature end deposits of 


Silver, copper and sulphosalts are typical of many of the mining 
provinces in Mexico and the Andes. In many of these, the early 

Stages Of pre-vein volcanogenic sulphides contain concentrations of 
arsenides, bismuth, silver and antimony (Goossens, 1972). In- 
particular, the deposits at Sorpresa, in Bolivia, and Cusco, in Peru, 
Show the typical Ni-Co etc. assemblage in areas otherwise characterised 
by the later-evolved Ag-Bi-sulphosalt veins (Ramdohr, 1969). Gillerman 
(1968) has shown that silver and sulphosalt mineralisation gives way 

to older uranium and arsenide mineralisation at depth in the Bullard 
Peak veins in New Mexico. Consequently, there is a progressive 


sequence in-the amount of telescoping. 


f) Comparisons with Other Deposits 
The deposits at Jachymov and in the Erzegebirge are remarkably 


similar to those at Great Bear Lake (Boyle, 1968; Pavlu, 1970; Naumov 
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et al., 1971), and Pavlu ascribes their origin to Late Variscan 

granites, They are similar in mineralogy, in paragenesis, in the 

amount of telescoping, in the controls and mode of deposition, and 

in their zoning. Most especially, the distinct antipathy of bismuth 

and silver, and the association of silver with the nickel-rich arsenides, 

and bismuth with copper-iron-rich arsenides was noted by Pavlu (op. cit.). 
The deposits of the Kongsberg district of Norway show a similar 

paragenesis and mineralogy, but they are localised where veins cross 

pre-existing sulphide-rich fahlbands (Vokes, 1967). In addition, they 

tack uranium and bismuth, and it has been proposed that they originated 


by teaching of metals from the sulphides. 


Kroutovy (1972), in describing the veins of the Khouvu-Axy district 
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‘hem to hydrothermal soiutions percolating from the 
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abyssal' up regional faults. The paragenesis, mineralogy and morphology 
of the veins is identical to that of the Great Bear Lake veins, and the 
minerals were emplaced after a period of skarning and metasomatism 
around intermediate intrusions. However, details of the geology are 

not available, and the time relations are not clear. 

Gillerman (1968) relates the very similar New Mexican veins to 
Early Tertiary monzonite intrusions, and Ramdohr (1969) has noted the 
Supraplutonic-subvolcanic nature of the Sorpresa and Cusco deposits. 

The deposits in the Chalanches, France, area post-date sulphide- 
-carbonate veins, and show the same mineralogy and paragenesis as the 
Great Bear Lake deposits. Ypma (1972) implies that these veins may 


have their source in diabase, in which they lie, and compares them 
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with the Cobalt deposits. He notes that depositional temperatures 
range between 280° C and 150° C. 

The deposits in Ontario are, again, mineralogically and para- 
genetically similar to others, and the structural controls and mode of 
deposition are similar to those at Great Bear Lake. Jambor and Petruk 
(1971) continually stress the relationships of tne ores and the 
Nipissing diabase, and suggest that the diabase is the parent magma 
for deposits. Halls and Stumpf! (1969) and Boyle and Dass (1971) 
equally firmly stress the relationships of Archean sulphides and ore-veins, 
and propose a leaching model. The Ontario deposits differ in that there 
appears to be no granite intrusion nearby. The validity of leaching 
hypotheses is evident in the Mansfeld district, where nickel, cobalt, 
arsenic and silver, in particular. have been leached from the Kupfer- 
schiefer and deposited in joints and fractures (riicken). However, these 
rucken remain just that - they are in no way similar to the hydrothermal 
vein deposits. 

It is shown that many of the Ni-Co etc. deposits have been, and 
most may be related to hydrothermal activity around large intrusions. 
Unless other evidence comes to light, the deposits at Cobalt must remain 
a unique and speciai case. Furthermore, the deposits generally occur 
in a restricted structural site, and many periods of mineralisation 
may coincide in space, indicating that the association 1s the product 
of a telescoped hydrothermal sequence, whose elements have been unable 


to separate in space and time. 
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17. SUMMARY AND THE ORIGI 
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Consequently, it 1S proposed that the deposits form an intimate part 
of each of these orogenic events, regardless of their apparent origin. 
Furthermore, each of these orcgens, apart from the Alpine, is of a 
continent-marain (Andean) type, and in each case the ore-deposits are 
emplaced in the orogenic hinterland. 


Fad 


Secondly, tne ore-deposits are usual art of a polymetalli 
Secondiv, tne ore-deposits are usually part of a polymetallic 
association thaw Typical lyeinc hudes Cu, Pbgsiiny Se Bix, Sbyt As, ly 

and, less commoniy, Hg, Me, Sn, W, as well as Ni, Co, Fe, As and Ag. 


In almost every case for which adequate documentation could be found 


in the literature, the veins are telescoped, and are pre-dated by Sn, 
Mo, W, U mineralisation, and post-dated by sulphide and sulphosalt 


mineralisation. This implies not only a common source for the ore- 


juids, but also a common environment of desosition that damands at 


least some telescoping of the deposition. This environment must 
relate in some way to the histery of continent-margin orogens. 
Thirdly, the environment of deposition is totally independent of 
the host vock lithology, out in 14 of the 17 cases tnat are accurately 
documented, the veins have been ascribed to depositien from nydrothermai 
fluids that originated in various types of intermediate-to-acidic 
igagous rocks. The environment of deposition is controiled by the 
structures caused by intrusion of these igneous rocks. It is of 
interest to note that wherever the igneous rocks have been analysed, 
they are calcalkaline to alkaline ~ i.e. typical of the inner parts 
of continent-margin orogens. 


Tn addition, lateral secretion from pre-existing sulphide bodies 
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has peen proposed for two of the best-documented deposits, and an 
oridain from diabase magma has been proposed for three others. 

Consequently, it 1s proposed that the Ni, Co, As-Aq deposits are 
part cf a continuum of ores that results from hydrothermal activity 
around late orogenic calcalkaline-to-alkaline intrusions in the inner 
parts of continent-margin orogens. The association is best developed 
where deposition is condensed into one structural site, and is pocrly 
developed, and consequently often not recognised, where an abundance 
of depositional sites has allowed uncondensed mineral zoning to 
develop (c.f. Cornwall). 

In conclusion, although the Great Bear Lake, Cobalt, or 
Frzegebirge areas appear to be metallogenic provinces, and although 
the Aphebian, Hercynian, etc. periods appear to be metalicgenic eras 
for these deposits, it is argued that this is due, not to an anomalous 
metal content in these areas and at these times, but to the coincidence 


of a number of geotectonic processes. There is but one thorn in the 


Oo 


side of this argument - and a rather large one at that: the Cobalt- 
-Gowganda deposits. It is of interest, however, that for all the 
deposits that have, at some time or other, been ascribed to a source 
in diabase (Cobalt, Kongsberg and Chalanches), other theories of 
origin have also been advanced (see Table 18), whereas in the other 
deposits only the one (magmatic hydrothermal) origin has been 
proposed. These ‘other theories' include an origin in hidden or 
distant granitic rocks, or by lateral secretion from older massive 


sulphide concentrations. Support for the lateral secretion hypothesis 


iar ri 


eath) ait? saotewent soy heals Dio ate 
hoe o d é . - es 7 ” 
bgt Send 2 werin teoven-SeT “. ee ama NOK , enlietel: na 
chug: at bee ghte fevadaihte Sao ocdt-beanatimes: ef not pene” 7 
oo is 
sonatieude ave pion: cha Maporet 200 night ‘edasppeenton te 
ot lentes, Lanaein” hater -SOWORTE aot geste | 
abc 3 lh ioe eS itemise 


. vee fe bre ean bron sinsgalbetarad OP Vasdqe zaeth Sp 
pane visas oat ob reogqe ahotyoy: 1 da5" He bqowor! ein | 
asf eatene ne OS Dod . x ef ets Ist Seupis ef 97 og sna hy 
a>aoh lonley BOY Ol Sod eset oaals Mo Di seers seautt it scien 
ard at wate ato ded ef arsAT. ,enreqooig’ gtratoedoes Tocmema A ce i 


a~$fate3 wl) ioe) 96 aw opr! Weiter 6 ties - they s ead to able 4 
ea) Pte «eo Jee) oravewod .teevednl 40.2) 31°27 beoqal shneuaee 
eomwse -& (6 netingen nogd ,taflio *0 etd ao? 26, SVB defy edtengsl 
%n walwoudt vadte , (entannTedd baw (risdepnon (ttsded) sesdeth mt 
cumte wilt ab necro (0% 9ide? oz) ooortevbs aced oxfs'oyeditgrye 
proper ean digixo (lsanedzovber a ane od yTno ene 


has dwindled, as it-has continually been demonstrated that the 
Sulphides acted purely as a suitable structural site for deposition 
(Gammon, 1966). The Cobalt-area deposits are anomalous in a number 


of ways. Firstly, the ore-province is orders of magnitude larger 


—_ 
—~ 
> 


than others. Secondly, bismuth is rare, and uranium is absent 
these veins. Thirdly, there is no temporal rejationship between the 
deposits and any form of orogenic event, and there are no granites 
exposed in the area. Bastin (1939) has pointed out the association 
of granites and identical ore-veins inthe Thunder Bay district, but 
unless the granites in the Cobalt area are wel!-hidden, there is no 
such association there. 

Consequently, until new data comes to light, it can only be said 
{and many authors have similarly shruqged their shoulders and given 
this conclusion) that the Cobalt-area deposits are anomalous, but that 


the origin of the remaining deposits is similar and distinct. 
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APPENDIX I 


Analytical Methods and Sample Descriptions and Locations 
Analyses for the elements expressed as oxides and for Ba, Rb, 
Sr, Zr, Nb and Y were performed on compacted powder by Dr. G. Holland 
at the University of Durnam, England, using a Phillips 12i2 X-ray 
fluorescence spectrometer. The results were corrected by him using 
a computer technique (Holland and Brindle, 1966). Ni, Co, Ag, Au 
and U were analysed by Bondar Clegg and Company Limited. All 
analyses were carried out using atomic absorption spectroscopy. 
Ni, Co and Ag were extracted from the samples with HNO. and HC]. U 
was extracted with HNO. Au was concentrated by fitre-assay. Ni, Co, 
Cu, zn and Mn were analysed at the University of Aiberta using a 
Perkin Elmer 303 atomic absorption: spectrophotometer. The method 
has been described in the text. There follow petrograpnic 
descriptions of the samples upon which whole-rock analysis was 


performed. Locations of all samples analysed are shown on Figure 60. 


SJ 29.8 Trachybasalt. 20% aligned laths of oligoclase and 
andesine: moderately sericitised. 10% phenocrysts of 
hornbiende partially altered tc chlorite and carbonate. 
60-70% matrix of very fine-grained plagioclase laths 
intergrown with chlorite and opaque oxides. 10% late 


'metablasts' of opaque oxides. 
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Altered trachybasalt. 20% sericitised plagioclase 
phenocrysts. 20% subhedral pseudomorphs of chlorite and 
carbonate after amphibole. 60% fine-grained matrix of 
chlorite and opaque oxides. 

Vesicular trachybasalt. 50% small, badly corroded laths 

of oligoclase and andesine showing flow textures around 20% 
large phenocrysts, that are now all chlorite and haematite, 
and around 10% aspherical vesicles with strained quartz and 
carbonate infillings. Chlorite-rich matrix. 

Porphyritic andesite. 50% large, altered oligoclase and 
andesine laths. 10% large, subnedral amphibole phenocrysts, 
partially replaced by chlorite and magnetite. 40% matrix of 
fine-grained plagioclase laths, quartz, chlorite, haematite 
and rarely, apatite. 

Porphyritic andesite. 40% jiarge, dusty plagioclase laths 
cored with blebs of chlorite after original glass: 
compositions range from ANoy_6y9 but average Anog. 

Scattered large phenocrysts of hornblende, partially altered 
to chlorite. 50% matrix of very fine-grained plagioclase, 
quartz, chlorite and haematite. 

Andesite or micro-diorite. 80% interlocking mesh of altered 
andesine, with interstitial quartz and chlorite. Plagioclase 
has altered to epidote and carbonate. 20% large pseudomorphs 


of chlorite and magnetite after amphibole. 
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Banded andesite tuff. Fine-grained plagioclase with sparse, 
interstitial quartz, carbonate and chlorite in pale bands. 
Chlorite, haematite and epidote constitute 90% of the dark 
bands and have been overgrown by pyrite and chalcopyrite (5%). 
Meta-andesite tuff. 60% small, unoriented laths of oligoclase 
which has partially altered to chlorite, carbonate, epidote 
and sericite. Rare interstitial patches of quartz and albite. 
30% matrix of interlocking carbonate, chlorite, epidote and 
apatite. Albite-epidote facies. 
Lithic-crystal andesite tuff. Angular unsorted clasts of 
oligoclase (30%), andesine (10%), K-feldspar (5%), quartz 
30%}, fine-grained andesite tuff (as in Sample SJ 3.3) (5%) 
and unidentifiable volcanic rock (10%), and clasts now 
completely made up of chlorite, haematite and pyrite (15%). 
The clasts constitute 60% of the rock and occur in a matrix 
of fine-grained chlorite and quartz. 
Lithic-crystal andesite tuff. 10% small clasts of fine-grained 
crystal tuff. 30% fractured clasts of oligoclase and 
andesine. 10% clasts of fractured, altered amphibole. 50% 
fine-grained matrix of quartz, chlorite, haematite and 
carbonate. 
Vitric-crystal andesite tuff. 40% laths of sericitised 
plagioclase and fractured subhedral hornblende (partially 
altered to chlorite and magnetite), in a fine-grained, dusty 
devitrified matrix with flow-textures around the clasts. 


Very sparse clasts of crystal tuff. 
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Rhyolite ignimbrite. 40% devitrified, red matrix with 
preserved flow-textures, but now mostly very fine-grained 
quartz, feldspar and haematite. 10% pseudomorphed shards. 
Clasts of devitrified glass, resorbed quartz, altered and 
broken oligoclase, K-feldspar and tuff. Perlitic devitrific- 
ation textures are common. The shards and vitric fragments 
are welded and often bent around each other and around the 
Close. 

Rhyolite tuff. Pink and green banded. Very fine-grained 
with quartz and feldspar predominant in the pink bands, and 
with intergrown quartz, feldspar and chlorite in the green 
bands. The leucocratic minerals are often toc fine-grained 
to identify. These rocks were frequently mapped as 'cherts' 
by earlier workers. 

Volcanoclastic arkose. Poorly-sorted, well-bedded sediment 
with angular to sub-rounded clasts of quartz, rhyolite tuff, 
oligoclase, trachybasalt. Oligoclase-porphyritic andesite, 
fine andesite tuff and, rarely, altered nornblende. 20% 
interstitial matrix of cnlorite and haematite. 
Volcanoclastic siltstone. Well-bedded, graded purple 
siltstone, with rounded volcanic fragments recognisable in 
the coarser beds. The finer portions are too fine-grained 
to identify individual minerals. They are frequently cut 


by water-escape structures from the coarser beds. 
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Monzonite. 60% large, altered jaths of andesine and 20% 
large subhedral plates of dusty K-feldspar with a matrix 

of quartz, chlorite and fine-grained sericitised feldspar. 
Rare phenocrysts of hornblende, partially replaced along 
cleavage planes by magnetite. 

Granodiorite. 50% laths of oligoclase and andesine, with 
overgrown rims of K-feldspar, 10% interstitial lobate 
intergrowths of albite and K-feldspar. 30% euhedral 
phenocrysts of hornblende, partially altered to green 
biotite and chlorite. 10% interstitial quartz, epidote 

and apatite. 

Granite. 30% large, subnedral plates of orthoclase with 
rare perthite and some patches of granophyric quartz and 
K-feldspar._ 15% large sericitised laths of oligoclase. 

40% interstitial anhedral quartz. 10-15% badly contorted 
biotite. Rare apatite and zircon. 

Granodiorite. 30% laths of altered andesine. 20% subhedral 
plates of microcline. 35% interstitial anhedral quartz. 

10% laths of biotite. Sparse epidote, apatite, carbonate 
and zircon. 

Meta-diorite. Intruded by NK 19.7. 20% badly altered laths 
of (?) sodic plagioclase. 30% euhedral albite that has 
overgrown the plagioclase. 20% interstitial, recrystallised 


quartz. 30% chlorite, magnetite and haematite. 
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Felsic dyke. ‘Sample taken two feet from the contact, in 

a slightly chilled zone. 35% euhedral phenocrysts of 
quartz, 20% laths of oligoclase and andesine and 10% of 
Shredded biotite laths in a groundmass of very fine-grained 
quartz, feldspar and biotite. 

Quartz diabase. Ophitic texture. 40% subhedral augite 
with rims of green biotite, magnetite and nornblende, and 
with some replacement along cleavage planes. 35% euhedral 
andesite-labradorite. 5% interstitial granophyric quartz 
and K-feldspar. 10% interstitial magnetite, ijimenite and 
haematite. Rare epidote, carbonate and sphene. 

Quartz gabbro. Ophitic texture. 50-60% unaltered laths 

of andesine-labradorite. 40% subhedrai augite that nas 
partly alterea to hornblende, biotite, chlorite and magnetite. 
10% interstitial granophyric quartz and feldspar. 

Coarse diabase. Ophitic texture. 40% subhedral 
titaniferous augite. 30% unaltered laths of labradorite. 
10-20% interstitial granophyric quartz and feldspar. 10% 
late skeletons and cubes of pyrite. Rare interstitial 


albite, chlorite and opaque oxides. 
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APPENDIX II 


Summary of Electron Microprobe Data and Operating Conditions 


Electron microprobe: 


Take~off angle: 52° 


a) Ferrohastinasite. Table 3 


Standards. EPS 12-1 Biotite: 


EPSmize2 BAB IGti te: 
Kakanui Kaersutite: 

A-6 

Operating voltage = 15 KV. All 
with pulse height analysis. 

b) 


Phengitic muscovite. Table 14 


Standards, EPS TZ=1 Baotite: 
Kakanui Kaersutite: 
EPS 2-208. Biot te: 
Hohenfels sanidine: 

Operating voltage = 15 KV. All 
with pulse height analysis. 

c) Mercury contents of silver. 
Run I. 


Beam current = 200 ma. 


Operating voltage = 15 KV. 


ARL Model EMX 


Tontrey Ti 
for St, Ata tksiNa 


for Mg, Ca 


Cummingtonite: for Mn 


elements analysed on Ka 


Analyst :€.R. Ramsay. 


forskene ti 

for Ca, Na 
Toyeonsaig.. Ky2Mn 
for Al 


elements analysed on Ka 


Analyst: C.R. Ramsay. 


Table 7, 8 


Line = HgLa. 


ZAF corrections, 


assuming Ag by difference, in brackets. 


Background corrections made. 


Pulse height analysed. 
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Run If and Run IIL. Ag and Hg analysed (Agla HgLa). 
Background corrections only made, 
Operating voltage = 29.1] KV. Beam current = 200 ma. 
Pulse height analysed. 
Standards. Ag. Electrolytic silver wire. Ag = 100% 
Hg. Cinnabar. Assumed stoichiometric. Hg = 85.2% 
d) Zine contents of sulphides. Table 5 
Operating voitage = 15 K¥. Beam current = 200 ma. 
Line analysed: ZnKa, using pulse height analysis. 
Standard. EPS 22-6 Sphalerite (Geochim. Cosmochim. Acta, 
pp. 1667-1676 [1967]). 
e) Analysis of sphalerites. Table 6 
Operating voltage = 15 KY. Beam Current = 200 ma. 
Lines analysed: Cuka, ZnKka, FeKkas, Ska. 
Standards. EPS 20-8 Synthetic chalcopyrite. Cu, Fe, S 
EPS 22-6 Sphalerite. As above. 
f) Analysis of sulphosalts. Tables 11, 12, 13 


Probe current = 200 ma. Using pulse height analysis. 


Element Line Operating Voltage 
Ag Lo 15 KV 
5 Ka 15 KV 
As La 1oaey 
Sb Lo 20 KV 
Zn Ko 20 KV 
Bi Lo 29 KV 
Pb Lot 29 KV 
Cu Ko 20 KY 


Fe Ka 20 KV 
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Standards. 


EPS 


20-8 
20-10 
20-2 
20-9 
22-7 
20-3 
22-6 


syntnetic chalcopyrite, “Cus Fe, 5 
Arsenopyrite. As. Assumed stoichiometric 
Silver. Ag.) spec. pure metal 

SLID te. SD senna lysis in Daneugs. D270 
Galena. Pb. Assumed stoichiometric 
Bismuth. Bi. Spec. pure metal 
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APPENDIX ITI 


Oxygen and Carbon Isotope Analyses (see Figures 39 and 50) 

Sixty-six carbonates from the three mines and some of the veins 
were analysed for their carbon and oxygen isotopic compositions. 
Carbonate samples were identified using an X-ray diffraction 
procedure. They were then reacted with 100% phosphoric acid at 
25°C for one day for pure calcite and 10 days for dolomite. In the 
case of mixed samples the gas produced after two hours of reaction 
was extracted and assumed to represent the decomposition of at least 
90% of the calcite (Fritz, Pers. Comm., 1971). In some cases this 
was analysed, but more often was discarded, 

The CO. produced was analysed using a 12", 90° mass spectrometer 
at the University of Alberta. Corrections were made following Craig 
(1957). Samp les prefixed SBX come Gran the Silver Bay Mine, and 
those prefixed R come from the Republic Vein. D = dolomite and 
C = calcite. The stages refer to Figures 46, 51 and 53. The 
isotopic compositions are presented as per mil deviation from SMOW 


for oxygen and PDB for carbon and are reported below. 
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paeple Mineral Description ? “Osu : “ppp 
(Zo) (he) 
TM 26.3 D Dolomite in metacaicareous rock. Stage 1 Tike ae oes 
TJ 5.1A D Dolomite from metacalcpelite. Stage 1 141, Ae 
TJ 8.1Da D Dolomite from vein. Stage 2a 416.2 ~3.2 
TJ 11.2Aa D Dolomite from vein. Stage 2a Thiel 2.0 
TX 8.6Bb D Dolomite breccia fragments of Stage 2a ty Gee - 3 0 
be 23.1 D Dolomite and calcite from vein. Stage 2a Bl. sS.2 
bh 29.1 C Dolomite and calcite from vein. Stage 2a 4 9.0 =5.3 
A 2.9a C Caicite from vein. Stage 2a oe ae 
TX 8.6C C Calcite from vein. Stage 2a Hala) = 3.0 
TJ 5.2Ba D Dolomite from vein. Stage 2a-b FSA = 7.9 
T™ 28.2Da D Dolomite from vein. Stage 2a-b P1Gele Iie ei 
T™ 26.3a D Dolomite from vein. Stage 2a-b 413.5 -4.6 
T™ 30.1Aa D Dolomite from vein. Stage 2b oy Re gS 
TJ 10.1A  D Dolomite from vein. Stage 2b~3a +14.9 -3.9 
TX 24.6 D Dolomite from vein. Stage 3a tie sod 
TX 8.6Ba D Banded dolomite. Stage 3a 416.3) 355 
TX 8.6b D Dolomite from vein. Stage 3a 414.7 -3.7 
TJ 11.2Ab D Pinkish dolomite from vein. Stage 3a +12,6 --3.4 
TM 26.3b D Dolomite from vein. Stage 3a +14.8 ~-4.6 
TM 30.1Ab D Dolomite overgrowing 2b dolomite. Stage 3a +14.0 -3.9 
TJ 5.2Bb D Dolomite overgrowing 2a-b dolomite. Stage 3a +14.2 -~3.7 
TX 8.6Bc D Dolomite from vein. Stage 3a-b Bie, De ei 
TX 8.6Bd D Dolomite from vein. Stage 3a-b +14.3 -4.4 
1X 18.2 D Doiomite from vein. Stage 3b eS Wah Uae eee) 
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hee Mineral Description 

TX 8.6a D Dolomite from vein. Stage 3b 

TJ 25.18 D Dolomite from vein. Stage 3b 

TJ 3.1Aa D Dolomite from vein. Stage 3b 

TU ¥3ela? DD (Dolomite from vein. Stage sb 

T™ 26.3c D Dolomite with fluorite and chalcopyrite. 
Stage 3b 

T™ 25.10 C Calcite in vug centre. Stage 3b-4 

T™ 26.3d C Late calcite with pyrite. Stage 4 

TON 34] C Late calcite with haematite and quartz. 
Stage 4 

TJ 3.17Ab C Late calcite scalenohedra. Stage 4 

TJ 8.1Db C Late calcite scalenohedra. Stage 4 

ciel oe. | C Late calcite with pyrite. Stage 4 

TJ 25.1Ba C Calcite with dolomite. Stage 3b-4 

A 2.9b C Calcite overgrowing Stage 2a 

AK eee C Calcite from calcargillite. Stage |: Terra 

NK 20.10 D Red dolomite vein in porphyry. Norex 

NX 11.3B D Dolomite from Norex vein. Stage 2a 

NX 11.5Cb D Dolomite from Norex vein. Stage 2b 

NX 11.5L D Dolomite with silver, Norex vein. Stage 2b 

NX 11.3B C Calcite from Norex vein. Stage 2b-3a 

NX 11.3Bb C Calcite from Norex vein. Stage 2b 

NX 11.5€ C Calcite with sulphides from Norex vein. 
Stage 2b 

NX 11.5C D Dolomite with sulphides from Norex vein. 
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Rares Mineral ; Description 

Ro 17d D Republic vein; early dolomite 

RJ 17.2 D Republic vein; early dolomite 

NK 19.8 C Jason vein calcite with sulphides 

NJ 30.2 C Lypka south vein; calcite with late galena 
NK 20.3A  € Lypka south vein; barren bluish calcite 
SBX 10.21 D Banded dolomite and quartz. Stage 2a-b 
SBX 10.2Ja D Banded carbonate. Stace 2a 

SBX 10.2Jb D Dolomite with silver. Stage 2a 

SBX 10.2Jc D Pinkish dolomite. Stage 2a 

SBX 10.2Jd D Dolomite from vein. Stage 2a 

SBX 10.2Ca D Banded quartz and dolomite. Stage 3a-b 
SBX 10.2Cb D Banded quartz and dolomite. Stage 3a-b 
SBX 10.2Cc D Banded quartz and dolomite. Stage 3a-b 
SBX 10.4Ac D Dolomite from vein. Stage 2b 

SBX 10.1H D Dolomite and chalcopyrite. Stage 3a-b 

SBX 10.4a D Dolomite and chalcopyrite. Stage 3b 

SBX 10.1B D Dolomite with sulphides. Stage 3b 

SBX 10.2Dc D Late banded dolomite. Stage 3b 

SBX 10.2D D Late banded dolomite and calcite. Stage 3b 
SBX 10.2D C Late banded dolomite and calcite. Stage 3b 
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APPENDIX IV 


Analyses of Sulphur Isotopes 

A description of the analytical methods is given in Robinson 
and Badham (In Preparation, 1973). The samples were burnt to SD5 
at 1075°C in a stream of pure tank oxygen. The results are reported 
in per mil deviation from the Canon Diablo Troilite. The data for 
49 samples are presented below. Samples preficed A and T are from 


the Terra Mine, and SB are from the Silver Bay Mine. 


Minerals - Py = pyrite 
Mc = marcasite 
Cp = chaicopyrite 
Tet = tetrahedrite 


Mt = matildite 


Bm = bismuthinite 
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Sample 


Number 
T™ 24.2 
TO ide 20 
TX 2407 
ries ooh 
TI 5. 1Db 
Te siete 
Foe Ud 
Joe OT 
TJ 10.2Ba 
TJ 10.2Bb 
TK, 3.18 
esl D 
eke 

Koen lala 
AOGR Ib 
TM 21.4Ca 
TX 8830 
UKs) (6230 
T™ 24.1 
T™ 25.8 

AYE Ab 1S 


Minerat 


Py 
Cp 


Py 
Mc 
Mc 
Cp 
Mc 
Cp 
Cp 
Mc 
Cp 
Mc 
Mc 


Cp 
Mc 
Cp 
Cp 
Tet 
Gn 
Mt 
Mt 


Bm 


Description 


Scattered cubes in banded red and green tuffs 


Scattered and massive in red cherty brecciated 
rock 


Cubes in red ana green banded tuffs 

Banded and massive in calcargillite. Stage ] 
Massive banded Cp and Mc. Stage 1 

Massive Cp. Late Stage | 

Massive Mc. Late Stage 1 

Cp and carbonate in joint plane. Stage | 
Remobilised Cp and Mc banded ore. Stage | 
Remobilised Cp and Mc banded ore. Stage 1 
Bandea massive Cp and Mc. Stage 1 

Banded massive Cp and Mc. Stage ] 


From recrystallised banded metacaicargillite. 
Stage ] 


Massive Cp and Mc in calcargillite. Stage 1 
Massive Cp and Mc in calcargillite. Stage 1 
Banded and massive Cp with carbonate. Stage 3a 
Cp and Ss intergrown in carbonate. Stage 3a 

Cp and Ss intergrown in carbonate. Stage 3a 
Massive fine-grained galena. Stage 3a 

Massive matildite. Stage 3b 

From sulphosalt vein. Stage 3b 


Bismuthinite and bismuth vein. Stage 3b 
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Sample Se aerens Dee tated $245 
ene Mineral Description an 
(ho) 
TM 21.4€b Cp Late massive Cp in carbonate vein, Stage 3b-4 a 
Tie25.10a Gn = Bands of Cp and Gn in late carbonate. Stage 4 +1 .4 


TM 25.10b Co Bands of Cp and Gn in late carbonate. Stage 4 1a 


TJ 3.1A Cp Associated with late carbonate rhombs. Stage 4 ee 


TJ 11.2A Cp Massive jiate Cp in carbonate vein. Stage 4 +4, 
TJ 19.1b Py Late Py on carbonate. Stage 4 | ~26. 
SBX 10.4A Cp Massive Cp in brecciated country rock -l. 
SBX 10.6a Cp Massive sulphides in volcanics -10. 
SBX 10.6b Py Massive sulphides in volcanics ~8, 
SBX 10.6c Py Massive sulphides in volcanics -9, 
SBX 10.3Fa Py Massive, intergrown Py and Gn with quartz and -1, 
SBX 10.3Fb Gn carbonate in vein. Stage 3a -2.8 
SBX 10.1Ba Cp Massive intergrowth of Gn and Cp with banded -3.¢ 
SBX 10.1Bb Gn quartz and carbonate vein. Stage 3a ~8. 
SBX 10.1Ca Cp Cp and Gn in massive carbonate vein. Stage 3a “A, 
SBX 10.1Cb Gn Cp and Gn in massive carbonate vein. Stage 3a ~6.5 
SBX 10.1Cc Gn Coarse late galena in vein. Stage 4 las 
Nie Aer oGe PEON VEN SINS tUTiS ly oka Be 
NK 18.17B Py Disseminated Py cubes in andesite. Balachey +4, 


NK 11.44 Cp Massive Cp in carbonate vein. Stage 3a. Norex +2, 
NK 20.10 Gn Disseminated galena in vein. Stage 3a. Norex -2. 
NX 20.1Ca Gn  Intergrown Gn and Cp in vein. Stage 4. Norex ule 


NX 20.1Cb Cp Intergrown Gn and Cp in vein. Stage 4. Norex ots 
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APPENDIX V 


Papers published or presently awaiting publication are 
contained in the back-pocket, with the enlarged Figure 6 and 


Figure 31. 
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Roof pendants of a late Aphebian (~ 1800 m.y.) volcano-sedimentary complex, within 
Hudsonian granites, outcrop on the eastern shore of Great Bear Lake. The volcano-sedimentary 
complex is similar to, and may be correlated with, the Echo Bay Group which outcrops farther to 
the north. 

The volcanic rocks are interbedded with immature volcanoclastic sedimentary rocks and with 
thinner units of calcargillite and dolomite. A unit of conglomerate, tuff, and siltstone, previously 
correlated with the Cameron Bay Group, is assigned to the ‘Balachey Unit’, until its relationships 
with other groups in the area are more clearly understood. 

Hudsonian granitic stocks and batholiths (~ 1750 m.y.) intruded the complex. Sharp contacts 
and narrow aureoles characterize these as high level intrusions. Zones of sulfide replacement are 
common in the aureoles. Porphyry dikes and stocks of similar age to the granites and rare, 
pegmatitic magnetite—apatite—actinolite bodies, also intrude the voleano—sedimentary complex. 

Three sets of diabase intrusions are identified, and related to three distinct fault directions. 
Giant quartz veins and mineralization of the U-Ag—Ni, Co arsenide — Bi type are found in zones 
of northeast-striking dextral faults. 

The volcano-sedimentary complex is interpreted as the molasse phase of the rising orogen of 
the Coronation Geosyncline, and is related to earlier deposits (the Snare and Epworth Groups) 
closer to the craton in the eastern part of the geosyncline. 


Un complexe volcano-sédimentaire aphebien supérieur (~ 1800 m.a.) affleure sous-forme 
dilots du toit dans les granites hudsoniens sur la rive est du lac Great Bear. Le complexe est 
similaire au Groupe Echo Bay, qui affleure plus au nord, et peut étre corrélé avec celui-ci. 

Les roches volcaniques sont interstratifiées avec des sédiments volcanoclastiques peu évolués, et 
avec des unités plus fines d’argillite calcareuse et de dolomie. Une unité de conglomérat, tuf, et 
silt, corrélée auparavant avec le Groupe Cameron Bay, est assignée a l’Unité Balachey, jusqu’a 
ce que ses relations avec les autres groupes de la région soient plus clairement comprises. 

Des stocks et batholithes hudsoniens (~ 1750 m.a.) granitiques 4 dioritiques sont ingérés 
dans le complexe. Des contacts nets ainsi que des auréoles étroites les caractérisent commes des 
intrusifs superficiels. Des zones de remplacement a sulfures sont abondantes dans les aureoles. 
Des dikes et stocks porphyriques d’Age similaire aux granites et des rares corps pegmatitiques a 
actinote—apatite-magnétite, recoupent aussi le complexe volcano—sédimentaire. 

Trois ensembles d’intrusions de diabase sont identifiées et corrélées avec trois directions dis- 
tinctes des failles. Des veines géantes de quartz et la minéralisation du type U-Ag—arséniure de 
Ni, Co — Bi sont trouvées dans les zones de failles dextres a directions nord-est. 

Le complexe volcano-sedimentaire est interprété comme étant la phase molassique de l’oro- 
gene émergeante du Géosynclinal Coronation, et est relié aux dépdts (les Groupes de Snare et 
d’Epworth) plus prés du craton a l’est du géosynclinal. 


Previous Literature and General Regional 
Geology 

The Camsell River — Conjuror Bay area 
occupies part of the Bear Province (Joliffe 
1948), which is characterized by discrete pen- 
dants of Aphebian volcanic and sedimentary 
rocks, surrounded by areas of granitic rocks of 
Hudsonian age. On the eastern shore of Great 
Bear Lake two such pendants have been dis- 
tinguished as the ‘Echo Bay Block’ and the 
‘Camsell River Block’ (Fig. 1) (Badham et al. 
1972). The stratigraphy and history of the 
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Echo Bay Block have been extensively de- 
scribed by Feniak (1947), Campbell (1955 Dig 
and Jory (1964) after the initial work of Kidd 
(1933) and Robinson (1933). 

The Camsell River area was first mentioned 
by Bell (1899), but the earliest geological 
work is that of Kidd (1933, 1936). The gab- 
bro at Gunbarrel Inlet was mapped by Furnival 
(1934). Lord and Parsons (1947) surveyed 
the eastern part of the area, but were more 
concerned with the Snare Group, farther to the 
east, and did not extend their survey through 
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to Great Bear Lake. No further work has sub- 
sequently been published, although the author 
has had access to company reports on small 
parts of the Camsell River — Conjuror Bay 
area. 

Kidd (1933) originally assigned most of the 
volcanic and sedimentary rocks in the area to 
the Echo Bay Group, but later (1936) tenta- 
tively ascribed the thick sequence of volcano- 
clastic sediments lying to the north of the Silver 
Bear Mine (Fig. 2) to the Cameron Bay 
Group. 

It is proposed here that all the sedimentary 
and volcanic rocks within the Camsell River — 
Conjuror Bay area are equivalents of the Echo 
Bay Group, the type locality of which lies 30 mi 
(48 km) to the north, but detailed correlation 
is, at present, impossible. 


The Lithological Units 


The Andesites 

The andesites vary from strongly porphyritic 
to fine-grained. Hornblende-porphyritic, basic 
andesites occur near Silver Bay in sets of thin 
flows, locally with vesicular tops. The horn- 
blende phenocrysts, altered to chlorite and 
opaque minerals, are set in a fine-grained, 
chloritic matric which was originally hyaline in 
the vesicular parts. The flows were apparently 
extruded onto ground with some relief and 
vary in thickness accordingly (W. Dollery- 
Pardy, personal communication (97). 

Elsewhere in the area, plagioclase porphy- 
ritic andesites are the dominant variety. These 
rocks were considered by many workers to be 
of intrusive origin. However, although there are 
many porphyry stocks in the area, these con- 
formable bodies are clearly flows in that they 
have chilled bases and eroded tops, are com- 
monly overlain by volcanoclastic conglomerate, 
and exhibit local agglomeratic and tuffaceous 
horizons. One such lava near to the Silver Bear 
Mine flowed onto rippled, unconsolidated silts 
in shallow water, while its top remained above 
the water and was rapidly eroded. 

The oligoclase phenocrysts of the plagioclase 
porphyritic andesites constitute 20-30% of the 
rock, and are commonly cored by chlorite 
blebs which clearly replaced glass inclusions. 
Remnant amphibole phenocrysts and a few 
corroded quartz grains can be seen. The 
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groundmass is mostly a microcrystalline aggre- 
gate of plagioclase, chlorite, and opaque 
minerals. 


The Felsic Volcanic Rocks 

Approximately 5700 m of felsic volcanic 
rocks outcrop to the west of the Bull Fault, 
between Black Bear Lake and Alter Arm (Fig. 
2). Devitrified rhyolite flows, fragmental lavas, 
coarse- and fine-grained vitric — lithic tuffs and 
felsic agglomerates also occur there. Beds are 
indistinct and laterally discontinuous. The top 
of this sequence is marked by porphyritic ad- 
desite flows and their erosive products. Thinner 
sequences of vitric and vitric—crystal felsic 
tuffs outcrop throughout the area. 

The flows are very fine-grained and contain 
sparse biotite flakes and rare vugs filled by 
chalcedony, locally pseudomorphous after 
tridymite. In the fragmental rocks, embayed 
quartz phenocrysts and phenoclasts are pre- 
dominant, but pseudomorphs of quartz after 
cristobalite and K-feldspar after sanidine are 
present and lithic fragments are locally abun- 
dant. 


Tuffs 

Thick sequences of thinly-layered, andesitic 
tuffs and crystal tuffs are exposed throughout 
the area. They are interbedded with flows, vol- 
canoclastic sediments and, more rarely, with 
calcargillites. The leucocratic layers in the 
layered tuffs consist of a fine intergrowth of 
strongly hematitized feldspars, whereas the 
green, melanocratic layers are composed of 
chlorite and opaque minerals. They are inter- 
preted as being ash-fall tuffs. 

The crystal tuffs consist either entirely of 
fractured oligoclase crystals with some quartz 
and lithic fragments, or of these components 
embedded in a fine, chloritic matrix. Some 
welded tuffs have been noted, and these exhibit 
perlitic devitrification textures of glass frag- 
ments, flow banding (picked out by hematite 
dusting) around clasts, and, less commonly, 
welded shards. A crystal-rich welded tuff (g- 
nimbrite) is irregularly exposed on the islands 
east of Bloom Island. It contains numerous 
shards and fragments of earlier flows, and rare 
pumice fragments. Although different parts of 
the tuff are welded to different degrees (Ross 
and Smith 1961) the exposure is not continu- 
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Fic. 3. Sections of the peninsula at the Silver Bear Mine. 


ous enough to identify individual flows or cool- exposed near the Silver Bear Mine (Fig. 3). 
ing units. No remnant hyaline material was seen in this 

A conformable volcanic breccia, composed unit, which is apparently a reworked pyroclas- 
of unsorted volcanic and sedimentary debris tic breccia (Fisher 1961). The underlying cal- 
from underlying beds in a tuffaceous matrix, is _cargillites have been extensively brecciated in 
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place and it is probable that the explosive event 
which generated the pyroclastic breccia dis- 
turbed the underlying beds. 


Volcanoclastic Sedimentary Rocks 
Conglomerates and arkoses are commonly 
interbedded with the lavas and tuffs, and north 
of the Silver Bear Mine there is a sequence of 
about 3300 m of these rocks with minor inter- 
bedded flows. The conglomerates contain well- 
rounded boulders (3 cm — 1 m), over 90% of 
which are of feldspar porphyritic andesite, 
within an arkosic matrix. They commonly 
overlie flows and grade upward into arkose. 
The arkoses consist of unabraded feldspar 
crystals, which contain chlorite blebs that have 
replaced glass, in a finer volcanoclastic matrix. 
Many are cross bedded and graded, and local 
scouring and channelling has been observed. 
Siltstones are less common within the se- 
quence, but are well exposed immediately 
north of the Silver Bear Mine. Scours, ripple 
marks, and suncracks are common in these 
rocks, and many of the siltstones are finely 
graded and are interbedded with arkoses. They 
are compositionally identical with the other 
volcanoclastic sedimentary rocks. 


Other Sedimentary Rocks and their 
Correlations 

A banded calcargillite outcrops on the penin- 
sula by the Silver Bear Mine. Although this 
unit has undergone contact metamorphism to 
the hornblende hornfels facies, mineralogical 
studies indicate that the original sequence con- 
sisted of interbedded dolomite, argillite, and 
fine, andesitic tuff. On Bloom Island 300 m of 
banded dolomites with siliceous partings are 
exposed. These carbonate beds apparently were 
deposited in deeper, calmer water than that in 
which the volcanoclastic sediments were laid 
down. 

Small exposures of white quartzite and a 
white quartz pebble conglomerate with a fine 
dolomitic matrix occur on Bloom Island, and 
on the islands southwest of Nic Island. These 
lithologies apparently are shallow marine de- 
posits, but their source area is unknown. 

A series of tuffs, agglomerates, conglom- 
erates, graywackes, and siltstones outcrops 
locally around Conjuror Bay and Pole Bay, 
where it is interbedded with typical Echo Bay 
group rocks. The sequence is also found in a 
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zone running along the shores of Balachey 
Lake to the Camsell River, where it was 
mapped previously as the Cameron Bay Group 
(Parsons 1948). Breccias and conglomerates, 
grading upward into graywackes, argillites, and 
tuffs, lie unconformably upon an altered diorite 
at Uranium Point (Fig. 4). Boulders of the 
diorite are found in the conglomerate and there 
is a zone of weathered diorite blocks at the con- 
tact. The diorite is intruded by a granodiorite 
which underlies most of the area to the south. 
It is proposed that this altered diorite is a 
syn-Echo Bay Group intrusion which was un- 
roofed and subsequently covered by “Cameron 
Bay Group’ sediments while Echo Bay Group 
volcanism and sedimentation continued else- 
where. 

The ‘Cameron Bay Group’ outcropping in 
the Echo Bay area everywhere appears to be 
younger than the granites (Kidd 1936). Con- 
sequently a correlation of the Balachey Lake 
sedimentary rocks with the Cameron Bay 
Group is considered untenable. Therefore these 
rocks may be tentatively named the ‘Balachey 
Unit’ until further work clarifies the relation- 
ship between them, the Cameron Bay Group, 
and the Echo Bay Group. 


The Intrusive Rocks 
Porphyries 

The oldest intrusions recognized within the 
area are the granodioritic porphyry stocks. A 
belt of these rocks outcrops in the eastern parts 
of the area and smaller stocks outcrop in Con- 
juror Bay. The porphyries consist of quartz 
and plagioclase phenocrysts in varying propor- 
tions, set in a pink, fine-grained matrix. Meta- 
morphism around the stocks has not been 
noted and they are interpreted as subvolcanic 
intrusions. 

The porphyry dikes are closely related to 
the granites chemically and mineralogically. 
They commonly strike northeasterly, but are 
clearly cut by the oldest diabases of the region, 
and so are older than the northeasterly striking 
faults (see below). These rocks have not been 
seen cutting the granites and are interpreted as 
supraplutonic intrusions. 


Granitic Rocks 
The granitic rocks vary from biotite- and 
hornblende-granites to syenites and diorites, 
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Fic. 4. Sketch map of the geology of the Uranium Point area. 


but monzonite and granodiorite are the most 
abundant types. Gradations in rock type are 
the rule, and the only intragranitic contact seen 
to date is that outcropping at Uranium Point. 
All the contacts of the plutons are sharp and 
steep. 

Metamorphism up to the hornblende horfels 
facies (Turner 1968) was observed adjacent 
to all the intrusions, but the amphibole-bearing 


rocks do not normally extend more than 200 m 
from the contact, except within calcareous 
horizons. Albite—epidote hornfels facies meta- 
morphism is more widespread but, over most 
of the area, chlorite alone is developed. 

Near the margins of many of the major in- 
trusions there are zones of sulfide replacement, 
generally within 100 m of the contact, and 
especially in layered tuffs and calcareous rocks. 
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Some of these zones contain substantial con- 
centrations of copper. In addition many of the 
granites are cut by aplitic dikes or have aplitic 
margins and many of these rocks contain dis- 
seminated iron and copper sulfides. 


Folding, Faulting, and Mineralization 


The bedding of the Aphebian rocks every- 
where dips steeply away from the plutonic 
complexes, and small, tight folds with axes 
parallel to the contacts are common. Dips are 
shallow in the center of the complex, which 
presumably is a roof pendant. 

Subsequent to folding, a set of northwesterly 
faults was imposed upon the area. Relative 
movements on these dislocations have not been 
documented but many are filled by the earliest 
set of diabase dikes. 

The major northeasterly-striking fault system 
is younger than the northwesterly one. Move- 
ments on these faults are dextral (~ 3 km on 
the Bull Fault: possibly much more on the 
Bloom Fault) and are complex, splaying shear 
zones. So-called ‘giant quartz veins’ commonly 
occupy these fault zones and provide evidence 
of polyphase movement by repeated crystal 
growth (see Furnival 1935). Dilatant fracture 
zones splay from the major faults and are com- 
monly occupied by quartz—carbonate veins 
which less frequently carry U_Ni, Co arsenide— 
Ag-Bi mineralization. The fracture zones are 
simple planes in most rock types, but in 
layered andesite tuff sequences they become 
complex sets of short, sinuous planes. Conse- 
quently, periodic movements on such fracture 
zones caused dilatancy and the mineralization 
is localized in the dilatant areas. In addition, 
the larger mineralized veins are restricted to 
those rocks in which there was an appreciable 
amount of pre-vein sulfide, and they commonly 
occur within 1 mi (1.6 km) of intrusive con- 
tacts. 

The localization of mineralization is there- 
fore dependent upon the chemistry and com- 
petence of the host rocks and upon the prox- 
imity of an intrusive contact. Major influxes of 
ore minerals can be correlated with repeated 
fault movements. 

Thorpe (1971) and Jory (1964) suggest an 
age of 1625 m.y. for the uranium (first) stage 
of mineralization, and Robinson (1971) sug- 
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gests a minimum age of 1400 m.y. for the 
closing stages. 

Diabase dikes occupy the northeasterly 
faults and many are younger than the quartz 
veins. The gabbro sill at Gunbarrel Inlet occu- 
pies the extension of the Bloom Fault, but its 
age relations are unknown. An easterly trend- 
ing fracture set is occupied by the youngest 
diabase dikes which cut the metalliferous veins 
and the quartz veins. 

All the dikes are uralitized, quartz—augite 
diabases. Uralitization and the alteration of 
plagioclase is more extreme in the older, north- 
westerly-striking dikes. Chlorite, quartz, epi- 
dote, and, rarely, albite are developed on the 
edges of the diabases through half a meter at 
the most. Sericitization, chloritization, and sili- 
cification are associated with all the faults and 
veins in the area. 


Magnetite—A patite—Actinolite Bodies 

Small podiform pegmatitic bodies of mag- 
netite—apatite—actinolite are fairly common 
within a mile or so of the granite contacts. In 
the Echo Bay region such pods are spatially 
related to diabase sills, show an age of ~ 1400 
m.y., and are considered to be genetically re- 
lated to the sills (Robinson 1971). In the 
Camsell River — Conjuror Bay area no such 
spatial relationship was observed. Indeed, a 
small plug of magnetite—apatite near the Silver 
Bear Mine is cut by a porphyry dike and by an 
easterly diabase. This plug has a composition 
of 65% magnetite — 35% apatite (R. D. Mor- 
ton, personal communication 1970) and may 
be the product of liquid immiscibility within an 
‘alkalic silicic’ magma (cf. Philpotts 1967). 
However, unless the apparently older, sodic 
monzonite, exposed 300 m to the south, is 
related, there is no sign of a cogenetic intrusion 
of such composition within the area. Although 
the spatial and temporal relationship with the 
granites rather than with the diabases is ap- 
parent in the Camseli River — Conjuror Bay 
area, the ultimate origin of these bodies is, at 
present, obscure. 

The relative and absolute ages of the most 
important events within the Camsell River — 
Conjuror Bay area are summarized in Fig. 5. 
The absolute ages used as a basis for the dia- 

ram are taken from Robinson (1971) and 
Thorpe (1971). 
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area, after Robinson (1971) and Thorpe (1971). 


Aphebian Paleogeography and the History of 
the Area 


The presence of dolomites and quartz pebble 
conglomerate around Conjuror Bay, coupled 
with the occurrence of limestones and argillites 
in the type section of the Lower Echo Bay 
Group, are indicative of shallow marine condi- 
tions over the Western Bear Province during 
late Aphebian times. However, most of the 
lavas and pyroclastics were apparently ex- 
truded subaerially and their erosion products 
indicate transport and deposition within fluvia- 
tile and lacustrine environments, suggesting 
that fairly large volcanic islands with substan- 
tial relief were present. 

In the light of this interpretation it is perti- 
nent to consider the configuration of the Coro- 
nation Geosyncline proposed by Hoffman et al. 
(1970) and documented by Hoffman (1972). 
This geosyncline is thought to have existed 
over the eastern Bear Province between 2000 
m.y. and 1750 m.y. ago. During the pre- 
orogenic phase sediments were transported 
westward off a craton into basins, now repre- 


sented by the basal part (Emile River Belt) of 
the Snare Group. 

The syn-orogenic stage was marked by the 
incoming of immature sediments from the west 
(Wopmay River belt of the Snare Group). 
Hoffman et al. (1970) propose a rising orogen 
to the west of the Snare Group to account for 
these sediments. The author concludes, follow- 
ing the suggestions of Stockwell et al. (1970) 
that the Echo Bay Group rocks represent the 
first syn-orogenic volcanic and sedimentary 
material deposited on top of this rising orogen. 
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The Geology and Genesis of the 
Great Bear Lake Silver Deposits 
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ABSTRACT 


The western sector of the Bear Province contains voleanic and sedimentary rocks of 
the Echo Bay Group (~1800 m.y.) which were deposited within shallow basinal environ- 
ments on the margins of the Slave Craton (~2500 m.y.). These rocks are intruded by 
Hudsonian granitic plutons and ‘porphyries’, and by diabases (~1400 m.y. old). 

A discrete metallogenic province is characterized by numerous vein-type U-Ag- 
(Ni, Co) arsenide-Bi deposits occurring within NE-trending fault zones which transect 
Echo Bay Group lithologies. The general paragenetic sequence is: uraninite, hematite, 
quartz-(Ni, Co) arsenides, silver, dolomite - sulfides, (Sb, Bi, Ag) sulfosalts, carbon- 
ates, quartz and fluorite. 

508 studies of Echo Bay dolomites reveal a range of +22 to + 13°/9 (SMOW) 
(8 samples); the values for dolomites from the other deposits are consistent at about 
+15%. (SMOW) (58 samples). These data, augmented by information from fluid inclu- 
sion and sulfur isotope studies, indicate a depositional thermal maximum of 230°C for 
the Echo Bay deposit, with early and late depositional temperatures of 150°C and 
100°C respectively; 31 calcite samples from the deposits exhibit isotopically lower Oi 
and C*® values than do the dolomites. In the Echo Bay and Norex deposits, a trend 
toward lower 0° values was detected within late-stage calcites. 

It is felt that the metalliferous components of the ore deposits originated within 
the Echo Bay volcanics and were probably transported by brines into the fracture 
zones during post-Hudsonian regional faulting. 


INTRODUCTION 


THE EASTERN SHORE of Great Bear Lake constitutes part of the Bear Province 
(Joliffe, 1948). The area is characterized by blocks of Aphebian sediments and 
voleanics surrounded by younger Hudsonian granites. Two such blocks are con- 
sidered here, namely the ‘Echo Bay Block’ and the ‘Camsell River Block’ (Fig. 1). 
Regional metamorphism above zeolite grade has not been recognized. These blocks 
are characterized by NE-trending faults which typically contain uranium-silver- 
bismuth-(Ni-Co) arsenide-copper mineralization. This common association may 
be employed to define the Bear structural province as a discrete metallogenic 
province. Mines within the Echo Bay Block include Echo Bay, Eldorado, El Bo- 
nanza and Contact Lake; those within the Camsell River Block are Terra, Norex 
and Silver Bay. Numerous other small occurrences of such mineralization are 
known, and many have been worked (Fig. 1). Investigations of the parageneses, 
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FIGURE 1 — Geology after Badham (1970) and Robinson (1968), with 
modified after Kidd (1933) and Parsons and Lord (1947). Site: aS % 
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host rock relations, structural environments, stable istotope geochemistry and 
fluid inclusions of five of the mines are being performed in the laboratories of 
the University of Alberta. 


GEOLOGY AND GEOLOGIC HISTORY 


The oldest sequence encountered within the Echo Bay Block, the Echo Bay 
Group, has a minimum thickness of 9,300 ft (Feniak, 1947). The lower Echo Bay 
Group, the base of which is not seen, is composed mainly of pelitic sediments and 
tuffs, with occasional intercalated andesite flows and limestones, whereas the 
upper Echo Bay Group is entirely composed of andesitic flows, tuffs and pyro- 
clastics. The Echo Bay Group has been shown by Robinson (1971) to have a Rb- 
Sr age of 1770+30 m.y. (Fig. 2). 

The sediments and voleanics in the Camsell River Block are interpreted as 
being part of the Echo Bay Group. The sequence consists of at least 14,000 ft. of 
pelites, limestones, pyroclastics and andesitic flows, and their direct erosional 
products. It is thought that the Echo Bay Group was deposited within basins, 
with volcanic islands, on a subsiding portion of the Slave Craton. Within the se- 
quence there is frequent evidence of tidal action, emergence and shallowing of 
water by lava flows. Many flows appear to have been eroded soon after extrusion, 
and consequently now grade upward into conglomerates and arkoses. The se- 
quence is characterized by extreme lateral facies and thickness variations. 


Many of the ‘porphyries’ of earlier workers are, in fact, perfectly conform- 
able, thick trachyandesite flows. Others, however, are interpreted as shallow sub- 
voleanic intrusions. The two types are indistinguishable petrographically. 


The relationship of the Cameron Bay Group to the Echo Bay Group is still 
obscure (Fig. 2). The former appears to represent a molasse phase of conglo- 
merates and arkoses, with occasional acidic pyroclastics. In places it contains 
boulders of granitic rocks similar to those intruding the Echo Bay Group. Par- 
sons (1948) reported that the Cameron Bay Group appears to be unconformable 
upon granite near Balachey Lake. Elsewhere the group appears to be identical 
to the clastic facies of the Echo Bay Group (Kidd, 1933). 
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There appear to have been two types of granitic intrusion within the area. 
During the latter stages of Echo Bay Group deposition, and synchronous with 
many of the ‘porphyry’ intrusions, large bodies of granite were emplaced. In the 
Conjuror Bay area one granitic intrusion exhibits a gneissose margin with many 
large xenoliths, but possesses a minimal contact aureole. All folding in the area 
(generally homoclinal) appears to be simply related to tilting around these in- 
trusions. The Cameron Bay Group might therefore represent the molasse phase 
generated by the regional uplift effected by these intrusive bodies. 


A large number of granite- granodiorite - syenite - diorite - monzonite com- 
plex stocks were emplaced before and during the above event. These have exten- 
sive aureoles, have effected metamorphism of up to hornblende - epidote - hornfels 
facies, and in a number of places are responsible for the development of pyrite/ 
chalcopyrite ‘fahlbands’. 

At a much later stage in the structural evolution of the region, dominantly 
sinistral faulting occurred, with a principal trend of N 40° KE - N 80° E. Movement 
on these faults was complex, and apparently continued for some time allowing 
quartz stockworks, diabase dykes and mineralized veins to fill the dilatant zones. 
Three periods of diabase intrusion have been recognised. 

In the Echo Bay Block an early east-trending set pre-dates both the mineral- 
ization (Feniak, 1949) and a set of NE-trending dykes and sills. The latter have 
K-Ar ages around 1400 m.y. (Wanless e¢ al., 1970) and are spatially related to 
the magnetite - actinolite pods, for which Robinson (197 1) reports K-Ar ages of 
around 1400 m.y. 
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PURE 3 — Paragenetic sequence and extent of mineralization in the mines and 
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In the Camsell River Block a set of NW-trending dykes cuts the youngest 
‘porphyry’ dykes, but is cut, in turn, by the NE-trending faults, the giant quartz 
veins and the mineralized veins. An east-striking set of diabases cuts all other 
features and is probably equivalent to dykes having a K-Ar age of 875-1030 m.y., 
as reported by Fahrig and Wanless (1963), although Gates (1970) considers this 
age to be low. A NE-trending fault-filling dyke and a large sill were observed in 
Conjuror Bay, but their age relations are not apparent. 

The sandstones and conglomerates of the Hornby Bay Group are of Helikian 
age (1600-875 m.y.) and are the latest pre-glacial event recorded within the area 
(Fig. 2). 


PARAGENESES 


The parageneses of the Terra, Eldorado, Echo Bay, Norex and Silver Bay 
deposits are shown in Figure 3. It is noteworthy that the uraninite - hematite - 
quartz assemblage is far more extensive in the Echo Bay Block, and that in 
general the dimensions of these mineralized systems are apparently larger. 


The evidence of an introduction of silver just prior to the arsenide stage of 
mineralization is not fully conclusive, and further work is being performed on 
the complex relations within the silver - calcite - arsenide - sulfide dendrites. 


OXYGEN AND CARBON ISOTOPE STUDIES 


The data cited herein (Fig. 4) were obtained on a 12-inch, 90° mass spectro- 
meter in the Physics Department of the University of Alberta. Corrections were 
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o Bay data show a trend of decreasing 
the arsenide to the intermediate sulfide 
temperature of about 150°C for the 


made following Craig (1957). The Ech 
values of 08 and C™ in dolomites from 


stages. Fluid inclusion studies indicate a ‘ { 
uraninite - hematite - quartz stage, increasing to a maximum of 230°C during 


the intermedate sulfide stage and then cooling to below 100°C during the latter 
stages of mineralization. Clayton and Epstein (1958) report quartz - calcite and 
quartz - hematite 0" fractionation temperatures of 140°C and 150°C respectively 
for the uraninite - hematite - quartz stage of mineralization at the Eldorado mine. 
Sulfur isotope data, to be published elsewhere, further substantiate these tem- 


peratures. 

Thus at Echo Bay there seems to have been an initial rise in temperature, 
accompanied by a decrease in 0° of the dolomites, which was followed by a later 
stage where decreasing temperature was accompanied by a concomitant decrease 
in the 0% of the dolomites. 

The 30" values for the dolomites of the Terra, Norex, Silver Bay, El Bonanza 
and Republic deposits all fall between +14°/oo and +16°/o0 (SMOW), and their C™® 
values are similarly constant around —4°/o (PDB). No significant trends in jso- 
topic values are detectable. In addition, three samples of the metacalcpelite host 
rock at Terra mine show the same isotopic compositions. Fluid inclusion and sul- 
fur isotope studies are at present being carried out on these deposits. 


In all the mines the same paragenesis was observed and the ores are remark- 
ably similar. An explanation of the differences in isotopic pattern is proposed in 
the next section, but it must be emphasized that this is highly tentative, and these 
preliminary data are merely presented for discussion. 


LOCALE, AGE AND FORMATION OF MINERALIZATION 


The Echo Bay Group tuffs are commonly highly pyritic. The metasediments 
in the aureoles of many of the complex stocks commonly contain pyrite- and chal- 
copyrite-rich horizons resulting from remobilization of, and selective replacement 
by, Fe and Cu. Such ‘fahlbands’ (Gammon, 1966) are seen both in Terra mine 
and in the SE corner of the Terra property, at Norex, at Echo Bay and at Repub- 
lic, a property 6 miles south of Terra. Although the Terra pyrite is markedly de- 
pleted in trace elements, the chalcopyrite commonly contains 1 oz/ton Ag for each 
assay % of copper, and is also apparently rather rich in zinc. In contrast, the py- 
rite found in tuffs at Echo Bay is enriched in silver. Robinson (1971) finds that 
the tuffs and volcanics at Echo Bay are ‘significantly enriched’ in Ni, Co, Cu, 
Ag, Pb and As when compared with ‘average values’ cited by Goldschmidt (1958) 
and Taylor (1969). Unmetamorphosed shales from the Camsell River Block con- 
tain about 50 ppm Ag. In all the host rocks there is little correlation of trace 
metals with sulfur, suggesting that these elements are present within silicates, 
rather than sulfides. 


The mineralization at the Echo Bay, El Bonanza, Contact Lake, Eldorado, 
Silver Bay and Norex localities occurs as veins filling dilatant sectors of fault 
zones within tuffs or intrusions. The deposition of minerals from the ore fluids 
appears to have been related both to temperature changes and possibly to chem- 
ical changes within the fluids created when they encountered the differing physi- 
cochemical environments of the dilatant zones. 


At the Terra mine the veins are structurally similar, but the host rocks are 
both tuffs and metamorphosed calcpelites which contain banded sulfide horizons. 
Most of the mineralization occurs within the Echo Bay Group, but is occasionally 
seen in younger intrusions, close to their contacts. 
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In the light of the above evidence, it is proposed that the Echo Bay Group 
volcanics and sediments were originally enriched in those metals now found in the 
ores, and that various ‘concentrator’ mechanisms operated on these rocks to form 
the ore deposits. The principal controlling mechanism appears to have been fault- 
ing and the concomitant formation of dilatant zones within suitably competent 
horizons. 

The granitic intrusions apparently acted as concentrators for Fe, Cu and S, 
and caused the formation of the fahlbands, but clearly had no effects on the actual 
vein mineralization. The vein mineralization occurred after the last of the gra- 
nitic and porphyry intrusions (~1700m.y.) and subsequent to the first fault move- 
ment. Mineralization terminated before the main diabase intrusive activity took 
place (~1400 m.y.). 

Calcites in all the deposits generally fall in a group around §% —=-+ 5/% to 
+10°/o (SMOW) and 8C* =-5°/o to —14°/o0 (PDB). Only at Terra, Norex and 
Echo Bay do calcites, coexisting with dolomites, exhibit a continuous trend from 
the dolomitic values to the above values. All other early calcites, and late, vug- 
filling calcites fall in the range outlined above. The late calcites are suggested 
to be the result of an influx of meteoric waters into the fault systems, probably 
much later than the mineralization. It is suggested that most earlier calcites were 
reequilibrated by this event. 


GENESIS OF THE DEPOSITS 


As previously stated, all the deposits fill dilatant zones within complexly 
faulted areas. It is thought that brines from the surrounding rocks filled these 
dilatant zones and were heated by continuing fault movement. Metals were thus 
leached from the host rocks into these zones and subsequently deposited. Min- 
eralization in all the smaller deposits is podiform, with the cores not only the last 
to crystallize, but also cut off from the outside, until further fault movement 
broke them open. Thus pools of stagnant brine are envisaged as existing with 
very little flow along the veins. As the mineralization occurred over a long pe- 
riod of time, such a process would allow continual equilibration of the fluid with 
the host rocks, especially with respect to 0%. Thus the carbonates deposited might 
be expected to have relatively constant 0'* values. On the other hand, the para- 
genetic sequence simply represents the mobility of the various metal ions under 
the physical and chemical conditions in the host rock fluids. 


The Echo Bay system was much larger and, although the same minerals 
were precipitated in the same order as in the other deposits, it was more open and 
consequently equilibration with host rocks would be impeded by fluid flow 
through the system. It is suggested that changing isotopic values of this de- 
posit are caused by continual, if slow, influx of isotopically lighter fluids. 
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